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Biodiversity loss and climate change are two of the greatest global environment challenges 
we face this century (Tilken et al. 2002). There is in general, bird, mammal and 
herpetofauna decline around the world. Hughes et al. (1997) argued that there are about 
220 genetically distinct populations for each extinct species. 
Knopf (1992) asserted that the definitions of biodiversity are "as diverse as the biological 
resources." Definitions of biodiversity range in scope from "number of different species 
occurring in some locations..." (ScMwarz.ef al, 1976) to "... all of the diversity and 
variability in nature" (Spellerberg and Hardes 1992) and ".... the variety of life and its 
processes (Delong 1996). . ....•: 
Biological diversity is being'*\'i,ewed'as"t|w^ot^tial resource capital of a state or region 
that possesses it. Preserving and protecting it requires clear knowledge and understanding 
of what we have and where they exists (Ganeshaiah and Shankar 2003). India is one of the 
12 mega-diversity centres of the world. Rajmani (1998) believes that though not 'hot 
spots', there are a number of 'warm spots' that need attention. Indian harbours an 
estimated 500,000 out of 10 to 30 million species of living organisms. However, 
increasing human intervention and excessive exploitation of resources have resulted in 
great changes and provide alarming signals of accelerated biodiversity loss (Roy and 
Tomar 2000). Himalayas which covers 6.4% of the area constitute a significant unit for the 
conservation of biodiversity. It harbours a great diversity of flora and fauna distributed in 
variety of topographic types and climatic conditions (Rodgers et al. 2000). The forest 
ecosystem in Uttaranchal (now Uttarakhand), which is part of western Himalayas, shares 
the biological richness of the Himalayas. 
Rationale 
People and their environment are interdependent. Any change in the surrounding 
environment directly affects the people therein. Any effort of development should 
therefore improve the environment they live in. For preserving the ecological balance 
between natural resource development and conservation, the concept of watershed is 
assumed to be very important land unit, particularly in iragile and heterogeneous hilly 
ecosystem (Sharma et al. 1992). To ensure systainable development a strong database is 
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required that shall lead to conservation and regeneration of all the resources - natural 
(land, water, plant and wildlife) and human within a watershed. Fauna along with flora is 
considered an important aspect of the creation of such a database. Being essential 
component in the forest ecosystem, fauna plays crucial role in ecosystem functioning and 
its dynamics. 
Fauna acts as an indicator of the health of the ecosystem. Understanding the spatial 
distribution of biodiversity is the foremost prerequisite for the meaningful conservation of 
natural ecosystems. The construction of biodiversity maps reflecting the spatial 
distribution would serve several purposes such as locating the hot spots or wann spots of 
diversity, assigning conservation values for different areas. Since such maps are rare there 
is therefore critical need to map the diversity pattern of fauna in India (Ganesiaiah and 
Shanker 2003). Though Uttaranchal Himalayas are well studied, yet such crucial 
information is lacking on the ecology of diversity. 
The main objectives of the study were 
Objectives: 
1: To assess population and community attributes of birds and mammals in Phakot 
and Pathri Rao Watershed Areas. 
2: To carry out intensive ecological studies on large mammalian community in 
Phakot and Pathri Rao Watershed Areas. 
3: To carry out intensive ecological studies on avian community structure in Phakot 
and Pathri Rao Watershed Areas. 
4: To carryout intensive ecological studies on herpetofauna, in Phakot and Pathri Rao 
Watershed Areas. 
5: To develop Habitat Suitable Index models of key faunal species using 
Geographical Information System (GIS) Techniques. 
The field data for this study was collected from 2005 to 2007. 
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The present study was carried in Pathri Rao Watershed Area (PRWA) and Phalcot 
Watershed Areas (PWA). PRWA is located between if 57' 07" to 78" 23' 36" East and 
29" 51' 7" to 30° 15' 50" North in the Haridwar district of Uttaranchal state. The 
Watershed area comprises of 25 sq km inside Rajaji National Park and 19 sq km outside 
the protected area, which included agriculture field, habitations and plantations. 
Topographically it consists mainly of Shivalik Hills. The area witnesses three season, 
winter summer and monsoon. Maximum of forest is covered with mixed dry deciduous 
type represented by Dalbergia sisoo, Accacia, Sagoon sp etc. Hills are occupied by Shorea 
rohusta, and Pinus roxhurghii .Mangifera indica. Eucalyptus sp dominate the plantation in 
agricultural field. PWA lies between 78° 19' 53" to78° 22' 16" East and 30" 14' 29" to 30 
13' 17" North in the Tehri Garhwal District. It forms part of Saklana Range in the middle 
Himalayas. With an area of about 40 sq km, it is, represented by Oak, Sal and large 
patches of agriculture and fallow land. 
The sampling was carried for mammals, birds, reptiles and amphibians. Direct and Indirect 
methods were employed for mammalian population. The direct method utilized Trail 
count. Trails were walked twice a week. Data was collected about species, their number, 
age and sex. Circular plots of radius 10 meters were established in order to collect indirect 
evidence. The plots were laid in proportion to the land use/land cover unit. Pellet groups, 
scats, pugmarks, hoof marks and dung piles were quantified as indirect evidence. Pellets 
partially or completely disintegrated were not included in the sample to avoid error. 
Bird communities were sampled using the Point Count Method (Reynolds et al.l980). 
Point count was carried in a stratified random fashion in each Land use/Land cover unit. A 
distance of 250 meters was kept between two points in order to maintain independence. 
Species Richness Counting Method was used in extensive survey. A list of 15 different 
species along with time taken to complete the lists was recorded. 
Reptiles were sampled using the "Adaptive Cluster Sampling" (Ishwar et al. 2001). 5m X 
5m quadrates were laid in different Land use/Land cover units. If animal was sighted in 
one of these quadrates (primary), additional quadrates (secondary) were searched, leaving 
a gap of 1 meter. Two observers searched simultaneously from opposite direction. 
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The amphibians were sampled using a combination of cluster sampling, visual encounter, 
audio surveys and opportunistic records. The adaptive sampling was done along stream on 
the forest floor. Quadrates of 5m X 1000 m along the stream and 5m X 5m on the forest 
floor were established. Loose rocks, and leaf litter was carefiilly turned and cavities were 
prodded for amphibian species. 
One way ANOVA was performed to know mean group density of different species. 
Encounter rate was calculated for the mammalian direct data to find density of each 
species. Diversity of birds, mammals, reptiles and amphibians were carried using 
SPECDIVERS program, a modified module of STATISTICAL ECOLOGY. Shannon -
Weiner Index (H) for diversity and Margalef s index (RI) was calculated for richness of 
species. Principal Component Analysis (PCA) was used to understand habitat use 
distribution of species in the study area. GIS based Habitat Suitability Index models were 
generated for key animal species. 
Since two watersheds are located in different bio-geographic settings two methods using 
Point Count and Species Listing Method were used. A total of 125 points were established 
in PRWA and 110 in PWA. Each point was monitored at least once in a season. PRWA 
was sampled in summer and winter, PWA visit included monsoon in addition to summer, 
and winter. Overall 98 species from PWA and 106 from PRWA were reported. Chao 1 
overestimated species number for PWA where as all four estimators were within 95% 
confidence limits for PRWA. In terms of bird diversity PRWA was more diverse as 
compared to PWA. Bird density was highest in PWA (30.48 ± 1.77) than in PRWA (16.82 
± 1.60). Bird density varied significantly across different seasons (F 2,6 = 14.87, P -
0.0005) but not across different habitats (F 6.12 = 1-21, P = 0.36) in PWA where as in 
PRWA no significant difference was found across seasons (F 16 "= 0.57, P = 0.47) and 
across different habitat types (F 6,6 = L90, P = 0.22). Bird density, diversity and richness 
showed U type pattern in PWA where as in PRWA it showed steep decline along the 
alfitudinal gradient. Based on guild structure Phakot bird community was more complex 
as compared to PRWA watershed area because of variation in altitude and complex 
vegetation structure. 
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Studies on population structure, habitat use and conservation problems of three sympatric 
ungulate species namely muntjac {Muntiacus muntjak), goral {Nemorhaedus goraJ) and 
sambar {Cervus unicolor) were carried in PWA. The average group size of goral and 
muntjac was 1.61 ± 0.15 and 1.73 ± 0.18 respectively. Mean group size was higher in 
winter followed by summer and monsoon. Sex ratio in all three species was female biased. 
Encounter rate of goral and muntjac was 0.336/km and 0.300/km respectively. The 
encounter rate between seasons was not significantly different. The mean pellet group 
density of muntjac differed significantly between seasons (F = 9.059 P<0.003), however, 
no such significant seasonal difference was found in mean pellet group densities of goral (F 
= 0.312 P=0.577) and sambar (F=0.432 P=0.432). The mean pellet densities differed 
significantly between different habitats for muntjac (F=2.7 P=0.001), goral (F=1.7 
P=0.001) and sambar (F=1.5 P=0.001). All the three species showed positive correlation 
with altitude and the three species overlapped maximum in Oak forest above 1600 m. 
Limitations of water and habitat destruction are the key issues for the conservation of the 
ungulates in the study area. 
In PRWA, Mean group size was highest fir chital (7.70 ±1.79), followed by nilgai (5.44 ± 
0.91). Muntjac was more solitary. Except goral, mean group size of other ungulates was 
higher in summer than winter. There was significant difference in mean group size in two 
seasons in chital (F = 5.58 P< 0.02) and nilgai (F = 7.76 P<0.008). 
Habitat use pattern of four sympatric ungulate species namely sambar {Cervus unicolor), 
chital {Cervus axis). Nilgai {Boselaphus tragocamelus) and goral {Naemorhedus gorai) 
were studied in PRWA. Chital had the highest mean group size (7.70 ±1.793), followed by 
nilgai (5.44 ± 0.916), goral (3.20 ± 0.816) and sambar (1.52 ± 0.193). Chital used all the 
available habitat types and the difference was significant (F=3.35 P<0.04), where as goral 
only used three habitat types with highly significant differences (4.499 P<0.00) showing 
highest preference for deciduous forest (D). Similarly sambar also showed significant 
(F=10.17 P<0.00) differences in the use of different habitats and nilgai preferred flat areas. 
Discriminant Function Analysis indicated clear segregation of the four sympatric ungulate 
species along the three discriminant functions with total isolation between nilgai and goral 
along DFl. Niche overlap analysis predicted segregation of habitat use by sympatric 
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species along one or other niche axis which governs continued existence of the sympatric 
species in the study area. 
During study 10 species of reptiles were recorded in PWA and 12 in PRWA. Similarly 4 
species of amphibians were recorded in PWA and 9 species in PRWA. In total 16 species 
of reptiles were recorded and 9 species of amphibians. Forest floor density of reptiles in 
PWA was 46.26/ha and that of PRWA was 86.9/ha. Reptilian diversity of PRWA and PWA 
was 0.825 and 0.692 respectively. Richness of PRWA (2.378) was more than PWA 
(1.792). Density of amphibians in PWA was 15.667/ha, diversity and richness was 0.476 
and 0.776 respectively. Amphibian density in PRWA was 22.6/ha. Diversity and richness 
values were 0.574 and 1.291 respectively. Comparison showed PRWA to be more rich and 
diverse than PWA because of undisturbed habitat, broad and slow stream and more forest 
litter. 
Habitat Suitability Model was developed only for PRWA only. It was not done in PWA 
due to non availability of contour maps. The habitat suitability for four sympatric ungulate 
species namely Sambar {Cervus unicolor). Nilgai (Boselaphus Iragocamelus), Chital {Axis 
axis) and Goral {Nemorhaedus goral) in PRWA Area using geo-statistical analysis and 
geo-spatial tools. All the four sympatric ungulate species showed temporal isolation to 
exploit the resources on ecological niche axis. A total of 25.74%, 37.94%, 18.80% and 
37.07% of habitat were found highly-suitable to suitable for sambar, nilgai, chital and goral 
respectively. Niche overlap analysis and seasonal occupancy data was used to cross-
tabulate the absolute habitat occupancy by the animals. The habitat suitability information 
was found to be 89.73%, 74.21%, 78.63% and 96.43% accurate for sambar, nilgai, chital 
and goral respectively. 
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CHAPTER 1 INTRODUCTION 
Knopf (1992) asserted that the definitions of biodiversity are "as diverse as the biological 
resources." Definitions of biodiversity range in scope from "number of different species 
occurring in some locations..." (Schwarz et al. 1976) to "... all of the diversity and 
variability in nature" (Spellerberg and Hardes 1992) and ".... the variety of life and its 
processes (Delong 1996). It includes the variety of living organisms, the genetic 
differences among them, the communities and ecosystems in which they occur, and the 
ecological and evolutionary processes that keep them functioning, yet ever changing and 
adapting" (Noss and Cooperrinder 1994). Biodiversity is the diversity of life (Norse et al. 
1986). Delong Jr. (1996) commented more philosophically that life is complex, and 
biodiversity is a word that can, if properly used, convey this complexity. 
Noss (1990) recognized three main attributes of biodiversity: composition, structure and 
function. Composition addresses the identity and richness of biotic components and the 
relative amount of each. Structural attributes refer to the various vertical and horizontal 
elements of a community or landscape (Noss 1990, Samson 1992) and the organizational 
level of plants and animal population and assemblages (Krebs 1978, Hunter 1996). 
Structure can also refer to population, age and trophic structure and other levels of 
community organization (Krebs 1978, Riclefs 1979, Bailey 1984, Hunter 1996). 
However, structure may have been left out of most definitions of biodiversity because the 
concept of biodiversity evolved from the concept of ecological diversity, which primarily 
focused on species diversity (Pielou 1975, Hair 1980). Biotic function includes processes 
such as herbivory, predation, parasitism, mortality, production, vegetative succession, 
nutrient and energy flow through biotic communities, colonization and extinction, genetic 
drift and mutation (Riclefs 1979, Noss 1990). 
Chapter 1 Introduction 1 
Measuring biodiversity of a habitat or community has been central issue of ecology and 
conservation biology (Ganeshaiah et al. 1997). Biodiversity can be measured in terms of 
genetic diversity and the identity and number of different types of species, assemblages of 
species, biotic communities and biotic processes and the amount (e.g. abundance, biomass, 
cover, rate) and structure of each. It can be observed and measured at any spatial scale 
ranging from micro sites and habitat patches to entire biosphere (Delong 1996). 
Biodiversity does not equate with richness (Koford et al. 1994, Noss and Corperinder 
1994) or diversity (Pielou 1975), both are the components of biodiversity. Diversity is 
either considered as number and relative abundance of all of the species within a given 
area (Art 1993) (species diversity view) or all of the diversity and variability in nature 
(Spellerberg and Hardes 1992) (Ecological diversity view). 
Biological resources are not uniformly distributed over space resulting into global 
biological rich pockets and countries. There is an increasing gradient of species richness 
towards equator and concentration of Phyla diversity in the marine systems (Ganeshaiah 
and Shankar 2003). The geographical distribution of species is a result of the action of 
both historical and ecological factors in time and space (Vuilleumier and Simberloff 
1980). The number of species present at a given locality can be viewed as a variable that 
responds to the influence of several (local) ecological factors, while (largely temporal) 
historical factors are responsible for the biogeographic species pool from which the local 
community is derived (Weins 1991). Simpson (1964) and Cook (1969) attributed the high 
diversity of mammals and birds in the tropics to the availability of both tropical and 
temperate niches resulting in greater diversity of vegetation. 
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Many explanations for diversity pattern have been proposed, higiier diversity has been 
attributed to temperature (MacArthur 1964, Root 1967), energy supply (Wright et al. 
1993) and productivity (Owen 1988), intense competition which forces niche restriction 
(MacArthur and Wilson 1967). Ironically Harper (1969) argued for reduced competition 
resulting from predation. Margalef (1969) found diversity negatively correlating with 
productivity. The question it seems is far from settled (Huston 1979). 
The environment heterogeneity hypothesis is the only diversity supported by convincing 
evidence, with the exception of some cases of predation (Cornell 1975). Habitat structural 
complexity has been correlated with diversity in birds (MacArthur and MacArthur 1961, 
MacArthur et al. 1966), in plankton (Richerson et al. 1970), in marine gastropods (Kohn 
1968), in small mammals (Rozenzweig and Winakur 1966) and in lizards (Pianka 1967). 
In most of these cases the heterogeneity is based on the physical structure of the plant 
serving as the substrate for the animals. The environmental stability, predictability and 
productivity hypothesis are closely related, since these parameters increase together from 
temperate to tropical regions (Cornell and Orias 1964, Pielou 1975). 
Whittaker (1965) indicated a gradient of increasing diversity from the cooler to the 
warmer climates, but the trend is not a simple one. Indeed, different plant communities 
may show different trends in diversity. There is no simple trend of increasing or 
decreasing diversity along some stress gradient such as moisture. Some deserts have 
higher species diversities than temperate forests (Buzas, 1972). Lloyd et al. (1968) made 
an extensive study of the diversity of reptiles and amphibian species in a Borneo 
rainforest. As might be expected, species diversity was high but equitability was relatively 
low. 
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Biodiversity loss and climate change are two of the greatest global environmental 
challenges we are facing in this century (Tilken et al. 2002). Annually 6-10 million hectare 
of tropical rainforests are destroyed, harboring some of the planet's most biologically 
diverse and abundant flora and fauna (Watson et al. 2000). Not only contributing to 
atmospheric Carbon dioxide, but also directly undermining the world's biological 
resources, ultimately precipitating species extinction and biodiversity loss. 
A recent report of lUCN's global amphibian assessment indicates that as many as a third 
of amphibians, now estimated at over 5700 have undergone several decline or extinction 
(Stuart et al. 2004). There is also general bird decline around the world (Lane and Alonso 
2001). 
Hughes et al. (1997) argued that there are about 220 genetically distinct populations for 
each extinct species. Their emphasis on the population rather than the species level 
dramatically increases the magnitude of the current global extinction crisis, with 
possibility 16 x 10^  population being lost annually owing to habitat destruction. 
Word biodiversity carries considerable political freight, as there can be no doubt that the 
general public's widespread concern about the current extinctions crisis provide a political 
spur to getting 161 countries to ratify a convention on biological diversity 
Myers (1996) noted that on a planet that is increasingly overcrowded with humans the 
survival of biodiversity will ultimately hinge on utilitarian, particularly economic 
imperatives. Clearly environment services are enormous important to human welfare even 
though the economic values of these services are poorly quantified and largely 
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unappreciated by mainstream politicians. Given tlie rapidity of global environmental 
change, there is an increasing need to manage ecosystem to maintain planetary wealth. 
Maintaining high biodiversity has been linked to ecosystems resilience in the face of 
common climate change related shocks such as storms, floods, fires and drought 
(Abramonitz 2001). Ecosystem that have more diversity provides more alternatives for 
transferring energy and nutrient and have greater capacity for resisting and reacting 
resiliently to such shocks compared to systems with low biodiversity which are more 
likely to decline or even collapse and not recover (Folke et al. 2002). 
Evans (1976) stated that in the long run probably the most important aspect of the 
conservation of ecosystems is the preservation of biological systems which may meet 
needs as yet unforeseen. 
Indian Scenario 
Biological diversity is being viewed as the potential resource capital of a state or region 
that possesses it. Preserving and protecting it requires clear knowledge and understanding 
of what we have and where they exists (Ganeshaiah and Shankar 2003). 
Myers (1996) identified areas of exceptional species richness and endemicity in the global 
scale and referred them as hot-spots of diversity and considered India as one of the 12 
mega-diversity centers of the world. Within India, two major centers of biodiversity have 
been identified. Western Ghats and Eastern Himalayas are considered two 'hot-spots' of 
diversity in India (Platnick 1991). Rajmani (1998) believes that though not 'hot-spots', 
there are also a number of 'warm spots' that need attention. 
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India is known for its genetic and species richness in a wide variety of ecological zones 
(Roy and Tomar 2000). India harbours an estimated 500,000 out of 10 to 30 million 
species of living organisms. It homes about 75000 species of animals, including 5000 
species of insects, 4000 species of mollusks, 2000 species of fish, 140 species of 
amphibians, 420 species of reptiles, 1200 species of birds and 410 species of mammals 
(Anonymous 1994). However, increasing human intervention and excessive exploitation 
of resources have resulted in great changes and provide alarming signals of accelerated 
biodiversity loss (Roy and Tomar 2000). 
Himalayas which covers 6.4% of the country's area constitute a significant unit for the 
conservation of biodiversity. It harbors a great diversity of flora and fauna distributed in 
variety of topographic types and climatic conditions (Rodgers et al. 2000). The forest 
ecosystem in Uttarakhand, which is part of western Himalayas, shares the biological 
richness of the Himalayas. 
Rationale 
People and their environment are interdependent. Any change in the surrounding 
environment directly affects the people therein. Any effort of development should, 
therefore, improve the environment they live in. 
For preserving the ecological balance between natural resource development and 
conservation, the concept of watershed is assumed to be very important land unit, 
particularly in fragile and heterogeneous hilly ecosystems (Sharma et al. 1992). To ensure 
sustainable development a strong database is required that shall lead to conservation and 
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regeneration of all the resources - natural (land, water, plant and wildlife) and human 
within a watershed. 
Fauna along with flora and hydrogeo-morphology is considered an important aspect of the 
creation of such a database. Being essential component in the forest ecosystem, fauna 
plays crucial role in ecosystem functioning and its dynamics. Fauna acts as an indicator of 
the health of the ecosystem. Despite their important role, animals are exploited directly as 
a source of protein or indirectly leading to extinction as a result of ill planned 
developmental activities and land use practices. 
Understanding the spatial distribution of biodiversity is the foremost prerequisite for the 
meaningful conservation of natural ecosystems. The construction of biodiversity maps 
reflecting the spatial distribution would serve several purposes such as locating the hot 
spots of diversity, assigning conservation values for different areas. Since such maps are 
rare there is therefore critical need to map the diversity pattern of fauna in India 
(Ganeshiaiah and Shankar 2003). Though Uttarakhand Himalayas are well studied, yet 
such crucial information is lacking on the ecology of diversity. 
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Therefore, this study was conceived talcing watershed as a unit. Perhaps first of its icind 
this long term study was carried with the following Objectives: 
v^  To assess population and community attributes of birds and mammals in PWA and 
PRWA. 
v^  To carry out intensive ecological studies on large mammalian community in PWA 
and PRWA 
•^ To carry out intensive ecological studies on avian community structure in PWA 
and PRWA 
^ To carryout intensive ecological studies on herpetofauna, in PWA and PRWA 
•^ To develop Habitat Suitable Index models of key faunal species using 
Geographical Information System techniques. 
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CHAPTER 2 STUDY SITES 
A watershed is a natural hydrological entity, defined as the drainage basin or catchment 
area of a particular stream or river. Simply put, it refers to the area from where the water 
to a particular drainage system, like a river or stream, comes from. According to Integrated 
Mission for Sustainable development (IMSD 1995) guidelines, watershed is further 
classified into sub-watershed (± 30 - 50 km^), mini-watershed (±10-30 km )^ and micro 
watershed (± 5 - 10 km )^ (Vittal et al. 2004). Present study was carried in two sub-
watershed areas of Shiwalik and middle Himalayas. 
2.1: PHAKOT WATERSHED AREA 
2.1.1: Topography 
Phakot Watershed Area (PWA) is part of Phakot beat of Saklana range of Garhwal 
Himalayas. It lies between 78*^  19' 53" to 78'' 22' 16" East and 30° 14' 29" to 30" 13' 17" 
North in the lower and middle Himalayas. It is approximately 35 kilometers from 
Rishikesh town on either side of National Highway 94 in the Tehri district of Uttaranchal 
now Uttarakhand state. The study area is spread over 20 km .^ Mountain stream Hemal 
forms the eastern boundary of the study area. Watershed is the catchment area of this 
stream. The area is mountainous in nature and general elevation varies from 600 meters to 
2000 meters. 
2.1.2: Rainfall and temperature 
There are three distinct seasons. Summer starts in mid march and lasts till June. The 
average temperature varies from 25 to 35*^  centigrade. Monsoon comes earlier than other 
north Indian towns. Starting from early June, there is heavy down pour. Monsoon lasts till 
the end of September. The days usually remain cool and foggy. Winter in Phakot is less 
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harsh than expected, mainly contributed by its geographic position. The nights are cold but 
days are comparatively warm. There is however, no snowfall in the area. 
2.1.3: Agriculture 
The people are primarily agriculturist. Ginger is the main crop grown and forms major 
cash crop of this watershed. Water is the limiting factor for the agricultural activities in the 
area. Villagers face a water deficit of upto 60% of their daily needs. Pea and pulses are 
also grown in the higher altitudes. Rice, wheat and Barley are grown in the lower areas 
were there is availability of water. 
Apart from agriculture, people generally work as labors. Many young men are involved in 
service industry in the plains. All the villages are deficient in their food requirement, with 
villages like Agar and Bhaitan lead in deficiency more than 1000 quintals/annum. 
2.1.4: Dependency on forest 
Phakot Watershed is protected as a reserve forest however, part of it comes under civil 
land. The villages are deficient in their fodder requirements. This results into various 
human activities in the area and anthropogenic pressures on the natural resources. The 
local people depend on forests for fodder, fuel and minor forest products. Oak {Quercus 
spp) trees are usually lopped for fodder. This has led to the stunned growth of oak trees in 
and around the villages. During summer people also harvest berry o^ Myrica kaffal. The 
bark of Grewia oppositifilia (Bhimal) is used to make ropes. People also do mining and 
quarry for construction purposes. 
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2.1.5: Flora 
Vegetation in Phakot is the characteristic of altitude. Five different forest types can be 
identified. In general, it is represented by dry deciduous forest with forest cover (40-70%) 
present in one-fifth of the watershed. 
Oak forest: It is present above 1200m and dominated by Quercus leucolrichophora 
followed by Rhododendron arboreum and Myrica sapida. The trees around the villages 
are dwarf as a result of excessive lopping. However, beyond 'kalban', tree height and 
cover increases many fold and represents a healthy patch of oak forest. Colebrookia 
oppositifolia is the most dominating shrub. 
Sal forest: On the lower elevations especially below Agar village is present sal forest. It is 
dominated by Shorea robusta and to an extant by Anogeissus latifolia. Murraya koenigii 
and Lantana camara and Colebrookia oppositifolia are the most widespread shrub species 
here. 
Anogeissus or mixed Bakli forest: Below Phakot and Tachala is present forest dominated 
by Anogeissus latifolia and Bauhinia semla. It shows its significant presence upto 1000m. 
Lantana camara and Murraya koenigii is the dominant shrub in the forest. 
Mixed broadleaf or Miscellaneous forest: Interspersed with different types of trees and 
shrubs, miscellaneous forest occupies the 1000 to 1500 m altitude. The forest is dominated 
by Bauhinia semla followed by Quercus leucotrihophora. Euphatorium adenophorum and 
Rhus parviflora are the dominant shrubs. 
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Pine forest: Though not part of the sub watershed but present in the vicinity and was 
included due to its significant impact on the fauna of sub watershed. It is dominated by 
Pinus roxburghii and followed by Adina cordifolia. Indigofera heterantha was the 
dominating shrubs. 
Fallow land: Result of forest clearing in the past, these lands might have been used for 
agriculture. Traditionally, these lands are kept uncultivated to allow wild grass to grow for 
fodder. It has sparse tree population of Quercus leucotrichophora and Mallotus 
philipinensis. Chyropogan fulvus being the most widespread grass in the fallow lands. 
2,1,6: Fauna 
Despite being interspersed by human habitations, there are many species of mammals, 
birds and herpetofauna. Significant being muntjac, goral, black bear and leopard. There 
are also more than 100 species of birds. 
2.2: PATHRI RAO WATERSHED AREA 
2,2.1: Location 
Pathri Rao watershed (PRWA) is located between 77° 57' 7" to 78° 23' 36" East and 29° 
51' 7" to 30° 15' 50" North in the district of Haridwar, covering an area of 51.00 ha The 
Watershed is named after Pathri Rao, a seasonal river, originating from Shiwalik foothills 
and flowing towards south-west direction. The area is hilly towards north-east and almost 
plain in the south-western part. 
Half of the study area falls on the south-east of Rajaji National Park. The area lies between 
Ranipur and Beri Bara ranges and is comprised of three beats i.e. Chirak East (1069 ha). 
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Chirak West (526 ha) and Hamul (706 ha). Two hill streams or 'Rao' namely Chirak Rao 
and Hamul Rao which receive the water from many small mountain streams pass 
respectively through the Chirak West and Hamul beats. These two streams meet at the 
boundary of the protected area forming a larger stream called Pathri Rao. The rest of the 
area is mosaic of agricultural land under different crops, plantations, villages and 
wasteland. 
2.2.2: Topography 
The topography of the study area, mainly consisted of the shivalik hills and alluvial 
deposits. The slopes of the shiwalik hills are largely steep forming ' V shaped valleys 
(Khan 2004). The area is subjected to heavy erosion because the hills and plains are 
mainly composed of the sandstone and sandrocks, due to which there is a rapid and fast 
runoff during heavy rains. During heavy rains, landslides are very common in this area. 
The bottom of the streams, rivulets and valleys consist mainly of large and small-sized 
rounded stones and pebbles which is used as shelter by many wild animals such as reptiles 
and amphibians. Pathri Rao (stream) that passes through this area is full of sand but 
completely devoid of any type of stones and pebbles. The formation occurring to the south 
of Shiwalik hills are alluvial fan deposits of recent age. Pathri Rao is also comprised of 
two hydrogeo-morphological units i.e. shivalik and upper piedmont or bhabbar zone. 
2.2.3: Soil and water table 
The hills and sub-montane areas have sandy loam and dry soil, in the moist areas the soil 
is covered by humus and is loamy. The soil of the outside part is completely sandy and 
dry. The water table in the area is deep and varies from 9 - 3 0 mbgl in pre-monsoon 
period to 8.68 - 28.50 mbgl during post monsoon. In general, water table depth increases 
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as we move towards shivaliks. The deficiency in water hias influenced the agricuhural and 
social hfe of people on the area. 
2.2.4: Rainfall and temperature 
There is an extreme variation in climate of the study area, giving rise to three different 
seasons namely winter, summer and monsoon. Winter commences from mid November 
and lasts till March. Nights are cold and mornings are foggy reducing the visibility. 
Summers are very hot with temperature going above 40 degrees. It starts by mid of March 
and lasts till the onset of monsoon in July. During summer there is occasional short 
duration sand and dust storms accompanied by rain or sometimes hail. Onset of monsoon 
varies but usually July witnesses the first shower and rains last till October. People do 
many activities for living. Most of them e are labourers, working in the nearby factors and 
newly established industrial estate in the Roshanabad area. About 25 to 30% of the 
population is cultivator. 
2.2.5: Agriculture 
Farmers grow varied crops including maize, sorgum, pear millet, foxtail millet, rice, 
ground nut and dhaincha. Sugar cane and tomato are also grown.These crops are grown 
either as sole crops or intercropped in different combinations. 
All the villages are deficit in food requirements and this deficiency varies from 1000 to 
15000 quintals per annum, similarly villagers are also deficit in fodder requirements 
measuring upto 500 -700 quintals per annum. About 20 - 40% of the population is 
dependent on the forests especially Rajaji National Park for daily fuel wood needs. 
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Villages like Aneki and Hitampur are almost 50% dependent on the forest for their 
requirements, putting pressure on the natural forest. 
2.2.6: Flora 
The watershed represents mixed dry deciduous vegetation which shows variation with 
altitude and topography. 
Dry deciduous forest (L): With forest cover upto 40%, this forest type is most diverse 
and rich both with respect to trees and shrubs. Anogeissus latifolia is the dominant tree 
species followed by Acacia catechu and Shorea robusta. It also has few patches of dry 
Dalbergia sisso Among shrubs Lantana camara, Leea spp are most dominant. Restricted 
to the plain and low hills within National Park, it covers approximately an area of 700 ha. 
Cassia tora, Parthenium sp and Cynodon dactylon are some of the dominant herbs and 
grass in the habitat. 
Dry deciduous forest (M): This forest type covers one-fourth of total areas. It is present 
throughout the National Park area of watershed. With forest cover density of 40 to 70%, it 
is represented with Terminalia tomentosa, Adina cordifolia. Suwaii is the most dominant 
shrub followed by Lantana camara. 
Dry deciduous forest (D): Present in hills and higher elevations, it is dense and has forest 
cover density of more than 70%. Present in patches, it is dominated by Anogeissus 
latifolia. Iscoemum angiistoflolium is the most dominant grass. 
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Plantation: In the private lands people have grown different plantation including 
Mangifera indica, Populus sp ,Eucalyptus sp and Bombyx cieba. These plantations are 
grown for certain period of time and then cut. Laniana camara and Datura is the most 
dominant shrubs in these plantations. 
2.2.7: Fauna 
Being part of the Rajaji National Park, this watershed holds quite a good diversity of 
mammals, birds and other herpetofauna. It includes tiger, elephant and many ungulates. 
The area holds about 100 bird species and reptiles like king cobra, python and common 
Krait. 
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Pathri Rao Watershed Area (PRWA) Phakot Watershed Area (PWA) 
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CHAPTER 3 VEGETATION CHARACTERISTICS 
The forest communities are the resultant of aggregation of individual species, and of each 
species occurring independently within its own tolerance limits (Whittaker, 1975). Pattern 
of species composition and turnover, both spatial and temporal have received less attention 
(Nekola and White 1999). Yet the spatial and temporal dynamics is important, as it is local 
richness which determines the diversity at regional scale. Though the plant community of 
a region is a function of time, nevertheless, altitude, slope, latitude, aspect, rainfall and 
humidity play a vital role in the formation of community composition. Veenedaal et al. 
(1996) revealed that distribution may be due to historic events and interaction with fauna 
and competition between tree species for crown and root space as well as human 
influence. 
The broad overlapped scattered centers of species population along a gradient imply that 
most of the communities integrate continuously along environmental gradients, rather than 
forming clearly distinct zones. The total number of species in any physiographic aspect 
reflects the adaptation potential of the community. The physiographic features such as 
elevation and aspect have a profound influence on the distribution, growth, form and 
structure of tree species, as a result of which the individual tree species has different 
values for the density and basal cover at various altitudes and aspects (Wikum and Wali 
1974) 
The structure and composition of vegetation play an important role in influencing various 
aspects of ecology of animal population as they are directly dependent on it. The plant 
communities as well as their different attributes generally have greater influence on spatial 
distribution of animals than abiotic factors. 
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Population structure of a species indicates the health of the forests, but also aid in 
predicting future trends in species composition and biomass available for herbivores 
(Hajra et al. 2005), Developing general understanding of vegetation and also of patterns if 
any in vegetation attributes is of fundamental importance not from the point of view of 
plant ecology but also from the perspective of gaining understanding of pattern in 
relationship between plant and animal communities. 
The data was collected to develop an understanding of vegetation characteristics of the 
watershed areas. It was presumed that such an understanding would be helpful in 
exploring pattern of bird and mammalian and herpetofauna community structure. The 
objectives of the study were: 
-^ To identify different vegetation types in the study areas. 
^ To evaluate density, diversity and richness of trees, shrubs and grasses and herbs in 
different habitats in the two habitats, 
v^  To evaluate vegetation variation along different slopes, ahitude and aspects. 
3.1: Methodology 
Vegetation possesses a structural and compositional complexity that arises from the 
interaction of the plants with their environment. In order to estimate density, diversity, 
richness and evenness sampling was carried out for trees, shrubs, herbs and grasses. 
Sampling was carried in monsoon (2005), winter (2005-06) and summer (2006) in PWA 
and winter (2005-06 and 2006-07) and summer (2006) in PRWA. A total of 110 sampling 
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plots in PWA and 125 sampling plots in PRWA were established. All plots were laid in 
stratified random fashion using Land Use Land Cover (LULC) map at a scale of 1:12500. 
Trees were sampled in 10 m circular plots. In each plot, data pertaining to tree species, 
their number, tree height, girth at breast height (GBH) and tree cover were collected. Tree 
cover was measured using gridded mirror of 25 cm x 25 cm in four directions of each 
circular plot. The mirror was kept horizontally at 1.25 m above the ground level and grids 
which were covered more than 50% by foliage were counted and expressed as percentage 
tree cover. 
Shrub species and their number were estimated in 3 m concentric circular plot. Shrub 
height was measured using measuring tape while cover was quantified by ocular 
estimation in percentages. Shrub cover was categorized in to four groups 0 - 25%, 25 -
50%, 50 - 75% and more than 75%. 
Grasses and herbs were sampled in two 0.5m X 0.5m quadrates in each circular plot. Data 
was recorded about the grass and herb species and their number. Grass and herb height 
was measured using measuring tape and cover was calculated using ocular estimation. The 
categories in grass and herb cover estimation were similar as in shrub cover. The owner of 
one root system was considered as one individual. 
The ground cover was estimated by point intercept method (Canfield 1941). One meter 
long stick was marked at an interval of 5 cm. The stick was randomly laid in four 
directions and any intercepting material touching the mark was recorded. At any sampling 
plot, ground cover was calculated by taking the average of all the frequencies. 
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Data were also collected for habitat disturbance. In a 10 meter circular plot number of 
lopped and cut or fallen trees was recorded. Data was also collected on the presence of 
cattle dung and fire within the 10m circular plot. 
3.2: Data Analysis 
Density of trees, shrubs, herbs and grasses and of individual species was calculated for 
each sampling plot using the formula: 
D = Number of individuals / area 
Density in each plot was pooled into different habitats and mean density and standard 
error was calculated. 
Species diversity, richness and evenness were calculated for trees, shrubs, herbs and 
grasses. Shannon-Weiner Index (H') was used for diversity, Margalef s Index (Rl) for 
richness and Simpson's Diversity (D) was used for calculating evenness. 
Shannon-Weiner Index 
H'=2^p/ In/)/. 
Margalef s Diversity Index 
RJ=(S-l)/lnN 
Simpson's index 
D =1 pi' 
S is the number of species recorded and 
N is the total number of individuals summed over all the S species. 
The quantity pi is the proportion of individual found in the /th species. Computer program 
SPECDIV, a modified module of STATISTICAL ECOLOGY was used (Ludwig and 
Reynolds 1988). 
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Cluster Analysis was performed to classify habitats according to vegetation parameters. 
Single linkage cluster analysis was performed using nearest neighbor method. Spearman 
rank correlation analysis was performed to ascertain the relationship among the 14 




A total of 31 tree species were identified in PWA and 44 species in PRWA. Tree density 
(/ha ± SE) was slightly higher in PRWA (98.34 ± 15.25) as compared to PWA (95.65 ± 
9.24). Tree density in different habitats in PWA and PRWA is given in Tables 3.1 and 3.2, 
respectively. 
Tree density (per hectare) in PWA was highest in Oak forest (125.59 ± 14.31) and lowest 
in Agriculture fields (70.06 ± 22.16). One - Way ANOVA showed that there was no 
significant difference in the mean densities in different habitats (F = 1.013, P = 0.421). 
Tree density in different habitats in PRWA was highest in deciduous forest (D) (125.53 ± 
13.41) and no tree was found in riverine sand and wasteland. There was significant 
difference in the mean densities in different habitats (F = 43.217, P < 0.000). 
In terms of species. Oak (Quercus leucotrichophora) was dominant (25.188 /ha) in PWA 
where as Bakli (Anogeissus latifolia) was most dense in PRWA (21.40 /ha). Tree diversity 
in PWA was 1.109 and richness was 5.739. In PRWA tree diversity was 1.217 and 
richness 7.496. Table 3.1 gives the diversity, richness and evenness of trees in different 
habitats in PWA. Miscellaneous forest was highly diverse (1.0377) followed by fallow 
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land (0.968). Table 3.2 gives the diversity, richness and evenness values in PRWA. 
Deciduous forest (L) was most diverse (1.308) followed by deciduous forest (M) with a 
value of (1.014). Average tree height in PWA was 7.430 ± 0.574 m. Trees in mixed bakli 
forest were tallest (9.03 ± 0.893 m) followed by Oak forest (8.941 ± 1.118 m) (Fig.3.1). 
Average GBH was 0.712 ± 0.057 m. 
Average GBH in PWA was highest in Oak forest (0.984 ± 0.12 m) followed by Mixed 
Bakli forest (0.934 ± 0.118 m). Figure 3.2 shows the mean GBH of trees in different 
habitats in Phakot. Average tree GBH in PRWA was (0.466 ± 0.039). Mean GBH was 
highest in Deciduous forest (D) (0.759 ± 0.117 m) followed by Deciduous forest (L) 
(0.689 ± 0.08 m). Fig 3.3 shows mean GBH in different habitats in PRWA. There was 
significant difference in the tree cover in different habitats in PWA (F = 6.189, P < 0.000) 
and in PRWA (F = 20.905, P < 0.000). 
(b) Shrubs 
A total of 50 shrub species were identified in PWA and 43 species were identified in 
PRWA. Shrub diversity was higher in monsoon (0.980) followed by winter (0.647). Shrub 
richness was however higher in summer (0.962). Shrub diversity and richness in PRWA 
was higher in winter (1.082 and 5.322) as compared to summer. Tables 3.3 and 3.4 give 
diversity and richness values in three seasons in PWA and PRWA. 
Shrub density (/ha ± SE) was highest in monsoon (8411.47 ± 663.11) in PWA and it was 
higher in winter (2685.48 ± 230.26) in PRWA. Total mean density in PWA was 4703.79 ± 
252.55 and mean shrub density in PRWA was 2470.62 ± 198.19 per hectare. Colebrookia 
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oppositifolia was the most dominant species in PWA (618.76 /ha) and Lantana camara 
was dominant in PRWA (619.69 /ha). 
Table 3.3 gives the mean shrub densities in different habitats in PWA. Shrub density in 
oak forest was 6048.233 ± 494.48 /ha). There was significant difference in mean densities 
between different habitats (F ^ 9.313, P < 0.00). Shrub density in different habitats in 
PRWA is given in Table 3.4. Plantation habitat had highest density (5071.95 ± 3709.53 
/ha). Shrub density was lowest in riverine area (435.51 ± 380.42/ha). The mean densities 
between different habitat was significant (F = 9.83, P < 0,000). Mean shrub height (0.74 
m) was higher in PRWA as compared to (0.30 m) in PWA. Mean shrub height was highest 
in winter in both PWA (1.04 m) and PRWA (0.79). Fig 3.4 and 3.5 shows mean height of 
shrubs, herbs and grasses in different seasons in PWA and PRWA respectively. 
Shrub diversity (1.08) in PRWA was higher in winter. In PWA diversity was slightly 
higher in summer (1.23) than monsoon (1.20). Richness showed the same pattern. Overall 
shrub diversity in PWA was 1.27 and richness was 6.76 and the same indices for PRWA 
werel.121 and 5.751 respectively. Miscellaneous forest in PWA showed higher diversity 
and richness which was marginally better than oak forest. In PRWA shrub diversity (1.05) 
and richness (4.38) was highest in deciduous forest (M) (Table 3.3 and Table 3.4). 
(c) Herbs and Grasses 
A total of 38 hers and 21 grass species were identified in PWA, whereas 28 herb and 16 
grass species were identified in PRWA. In PWA herb and grass densities were 6.1443 ± 
1.03 /m^ and 19.40 ± 1.74 /m^ respectively. Herb density was highest (15.31 ± 2.52) in 
monsoon and lowest (2.22 ± 0.74) in summer. Grass density showed similar pattern with 
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monsoon having the highest density (43.87 ± 5.09). Tables 3.5 and 3.6 give mean density 
of herbs and grasses in different habitats in PWA. Agricultural field showed maximum 
density of (12.00 ± 3.35) of herbs and miscellaneous forest had lowest density (2.09 ± 
0.95).There was significant difference in the mean densities (F = 5.12, P < 0.000). Grass 
density was highest in pine forest (65.20 ± 11.23) followed by fallow land (25.07 ± 2.59). 
There was significant difference in mean grass densities (F = 12.42, P < 0.00). Desmodium 
gangeticum showed highest density (3.11 /m^). Among grasses Chrysopogon fulviis was 
most dense (7.66 /m ). 
Herb density in PRWA was 7.98 ± 0.84 Wand grass density was 17.10 ± 1.21 /ml Both 
Herb and grass density were highest in summer season 12.81 ± 2.49 /m^ and 29.39 ± 4.24 
/m respectively. Tables 3.7 and 3.8 give mean herb and grass densities across different 
habitats. Deciduous forest (L) was most dense in herbs (9.61 ± 1.5 W ) and wasteland was 
most dense in terms of grasses (29.20 ± 6.62). Sida cordata (4.42 /m )^ and Cassia tora 
(4.05 /m ) were most dense herbs and Scirpus comosus (99.36 /m ) and Doob (Cynodon 
dactylon) {1.%1 W ) were most dense in grasses. Both herbs (F = 4.651, P < 0.00) and 
Grasses (F = 5.272, P < 0.00) mean densities difference were significant. 
Herb diversity and richness were found to be 1.106 and 5.278 respectively in PWA. 
Whereas, in PRWA diversity was 0.974 and richness was 3.858 respectively. Herb 
diversity (1.015) was highest during monsoons in PWA and in PRWA turned to its highest 
(0.922) in winter. In PWA agriculture fields showed most diversity (0.957) while 
deciduous forest (M) was most diverse (0.839) in PRWA (Table 3.5 and Table 3.6). 
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Grass diversity and richness in PWA were 0.90 and 2.64. In PRWA grass diversity and 
richness was 0.88 and 1.99 respectively. Grass diversity was highest in monsoon (0.98) 
and lowest in summer (0.55) in PWA. Diversity in PRWA was highest in winter (0.86). 
Pine forest was most diverse (0.93) in PWA and deciduous forest (M) was most diverse in 
PRWA (0.85) (Table 3.7 and Table 3.8). 
Mean herb cover across different habitats was significant (F = 3.67, P < 0.00). Mean grass 
height was 0.22 ± 0.01 m but the difference was not significant (F= 0.38, P =0.12). There 
was however significant difference in the grass cover between habitats (F = 0.383, P < 
0.00). Mean herb height in PRWA was 0.25 ± 0.019 m and mean difference across 
habitats was significant (F= 3.11, P < 0.006). Herb cover across different habitats was also 
significant (F = 2.887, P < 0.010). Mean grass height was 0.482 ± 0.031 m and difference 
was significant (F = 12.572, P < 0.00). There was also significant difference in grass cover 
across habitats (F =13.42, P < 0.00). 
(d) Altitude 
There was more altitudinal gradient in PWA than PRWA. In PWA tree cover was highest 
at lower and higher altitudes than at middle altitude. Tree and shrub density showed 
increase with altitude but tree diversity and richness as well as shrub diversity and richness 
showed decline with altitude. Tree height did not show much variation along altitudinal 
gradient, initially it decreased with altitude but after 1600m it again showed increased 
trend. Figures 3.6 (a-f) show the variation of vegetation variable along the ahitudinal 
gradient in PWA. In PRWA, tree cover, tree height, tree density, diversity and GBH 
showed increased trend up to 400-450 meters, and then a gradual decrease. Figure 3.7 (a-
e) shows the variation of vegetation variables with altitude in PRWA. 
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(e) Aspects 
•Northern aspect in PWA was richer in trees than others. Richness was lowest in the 
eastern aspect. Tree diversity did not show any significant variation among the four 
aspects (Fig. 3.8). Shrub richness and diversity too was highest in northern aspect (Fig. 
3.9). Shrub density was highest in western aspect, however, tree density followed irregular 
trend (Fig. 3.10). Richness and diversity of both trees and shrubs in PRWA was highest in 
southern aspect and lowest in the east (Fig. 3.11 and Fig. 3.12). Tree density here too was 
irregular, but shrub density again was highest in southern aspect (Fig. 3.13). 
(f) Slope 
The slopes of PWA were steep with vertical cliffs therefore slopes could not be categorize, 
however in PRWA the slopes were categorized into gentle, medium and steep depending 
upon the degree of elevation. In PRWA shrub density was highest on gentle slopes, which 
decreased slightly on steep slopes. Tree density too increased from plain to steep slopes 
(Fig.3.14). Similarly, shrub diversity and richness was highest on gentle slopes (Fig 3.15). 
Both tree diversity and richness was highest on steep slopes and lowest in plain (Fig. 3.16) 
(g) Human habitation/ Hamlets 
Since 22 villages or hamlets resided within PWA which depended on natural forest for 
fodder. As a result vegetation around hamlets showed certain features of anthropogenic 
pressures. Trees showed stunted growth in and around villages. Both tree height and cover 
increases as one move away from hamlets (Fig. 3.17). Similarly, tree density showed 
negative relationship with hamlets (Fig. 3.18). Both tree diversity and richness was low 
near habitations and increase with distance from the habitations (Fig. 3.19). 
Chapter 3 Vegetation Characteristics 27 
(h) Tree species dominance 
In PWA Oak {Quercus leucotrichophora) covered 31% of the geographic area was most 
dominant species with an IVl value of 98.62. Pinus roxeburghii though present in 
restricted patch was second dominant species with an IVI value of 54.09 and contributed 
22% to total density, followed by Anogeissus latifolia with IVI value of 24.44. Shorea 
wbusta, was present in lower elevation (below 1000m), showed IVI value of 18.79 and 
contributed only 5% in the total density. 
In PRWA, Dry deciduous forest was dominated by Anogeissus latifolia with an IVI value 
of 73.74. It contributed 29% to the total density of vegetation of watershed. Acacia 
catechu which was present in the flat areas contributing 25% to total density and had an 
IVI value of 59.03. Buchanan lanzan had an IVI value of 17.86. 
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3.4: Discussion 
The vegetation of PWA falls under Himalayan temperate forest. PRWA on the other hand 
is composed of heterogeneous deciduous species. Being small in area, no clearly distinct 
arrangement of tree species in space to form definite vegetation classes was present. 
However, some poorly distinct classes can be recognized based on the relative dominance 
of tree species and canopy cover. 
The subjective classification of vegetation into different habitat types seemed to be 
satisfactory in order to discriminate between patches within the mosaic of heterogeneous 
vegetation. Such classification may not be the best method, however the aim of this study 
was to work out vegetation ecology and structure, which may be helpful in explaining 
animal- habitat inter-relationships and interdependencies. 
Diversity indices of PRWA were higher than PWA. A general phenomenon, that tropical 
forests are more diverse than temperate one. For tropical forests of India, diversity index 
values ranged from 0.83 to 4.1 (Singh et al. 1984, Parthasarthy et al. 1992, Visalakshi 
1995). The diversity of Pathri Rao 1.21 obtained during this study is well within the 
reported range and quite close to 1.25 obtained by Khan (2004) in Rajaji National Park. 
The diversity of Phakot (1.109) was however, less than recorded values (2.28 -2.63) by 
Saxena et al. (1985) and in the Kumaon Himalayas. 
Higher shrub richness in both the sites may be a result of relatively less developed canopy, 
which permit sufficient sunlight to reach the ground resulting in the luxuriant growth of 
shrub species. A fact well reported (Bhandari and Tiwari 1997, Semwal et al. 2007). 
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The low diversity in oak forest in Phakot as compared to other habitats is due to fact that 
Oak is considered as a climax species hence occupies most of the ecological space, leaving 
little for the other species to establish. The range of tree density (7-125 trees/ha) in PWA 
and 4-421 trees/ha in PRWA was much lower than recorded by Sexena and Singh (1985) 
in middle Himalayas and Khan (2004) in Rajaji National Park. 
At stand level, mean tree density was negatively correlated to GBH. This indicates that 
more number of trees with low individual volume and biomass are utilizing the ecological 
space. This gives a regeneration status that the stands have not reached climax stage. 
Species richness and diversity of both trees and shrubs decrease with increase in altitude. 
Altitude represents a complex gradient along which many environmental variables change 
concomitantly. One popular explanation for this relation between richness and altitude is 
the decrease in productivity from equator towards the poles (Rohde 1992). This has also 
been used to explain the pattern in species richness decrease with altitude (Rahbek 1997). 
In Indian Himalayas, Singh et al. (1994) found that productivity does not change between 
sea level and upto 2500m.. However, several other explanations have been given for the 
linear relationship between species richness and altitude (Givnish 1999). 
Chandra (1991), Kharkwal (2002) and many others have shown change in physio-
chemical properties of soil (sand, silt, clay, pH, moisture) of soil at different altitude. Since 
the Phakot watershed area lies below 2000m, therefore, in addition to slight productivity 
change, climate and physio-chemical changes might be responsible for decrease in species 
richness. 
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PWA is a mosaic of civil and reserved forest and inhabited by more than 20 hamlets. 
These villages are deficient in Green and dry fodder for their cow, buffalo, bullock and 
sheep and goats. The fodder deficiency is as high as 2000 quintal for Bhaintan and more 
than 1000 quintals/annum for Agar village. In order to fulfill their requirement they 
depend on natural forest especially Oak trees. The low height tree and low density in and 
around villages is the result of this human dependency on Forest. The case with PRWA 
was different, as its only natural forest was protected under Rajaji National Park. 
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Table 3.3: Shrub density, diversity, richness and evenness in PWA 
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Table 3.6: Herb density, diversity, richness and evenness of PRWA 













































































Table 3.8: Grass density, diversity, richness and evenness in PRWA 
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Fig. 3.1: Average tree height (meters) in different habitats in PWA 
Odk Si\ Mixed Baklj Pii)« MUcdlaneous Fallovv lartd Aj^riculture 










Dec (L) Doc(M) Dec(D) Aencuiture Plantation 
Fig. 3.3: Mean GBH of trees in different habitats in PRWA 
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Fig. 3.8: Tree diversity and riciiness along different aspects in PWA 
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Fig. 3.16: Tree diversity and richness in three slopes in PRWA 
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CHAPTER 4 BIRD COMMUNITY STRUCTURE 
Avian communities are the characteristics and properties of assemblage of species 
population (Koromondy 1989) or the group of populations that occur together (Ricklef s 
1990). Major goals of avian community ecology are to identify recurrent pattern of species 
composition, guild structures, diversity and other parameters among co-occurring species 
and to understand the factors promoting those patterns (Wiens and Rotenberry 1980). 
Being ecologically diverse and sensitive to various kinds of perturbations, avian 
community acts as a better predictor of the quality and health of the habitat than single 
species (Javed 1997). 
In the last few decades avian community studies have received its due attention. This trend 
was boosted after the publication of MacArthur and MacArthur's paper on bird species 
diversity in 1961. This study led to the initiation of various studies aimed at investigating 
the relationship between bird species diversity and structural diversity of the habitat. The 
outcome of these developments was the generation of new ideas, critical evaluation of the 
theories and models and even formulation of new theories. 
The beginning of community ecological studies can be traced back to Clement (1916). His 
conclusions that "communities are discrete assemblages which are closely integrated" laid 
the foundation of community ecology. However, except few studies by Lack (1954), 
Kendeigh (1934), this branch did not receive much attention of biologists till MacArthur's 
work in early 60s. MacArthur and MacArthur (1961) through their paper on bird species 
diversity established the view that bird species diversity is a function of foliage height 
diversity. This seminal work infact revolutionsed the thinking on the subject and a series 
of studies on the same lines followed. 
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MacArthur (1964), Cody (1968), Karr and Roth (1971), Pearson (1977), Wilson (1974), 
Whitmore (1975), Anderson and Ohmart (1977), Sites (1978), James and Rathbun (1981), 
Bell (1982), Block and Brennan (1993), Otto (1996), Blair (1996), Owiunji and Plumptre 
(1998), O'Connel et al. (2000), Gillespie and Walter (2001), Laiola (2003), Chen et al. 
(2005), Diaz (2006), Khoury and Al-Shamnin (2006) Devictor and Jiguet (2007), Manu et 
al. (2007) and Chapman and Reich (2007), were some of the studies that followed the 
trend. 
Pattern in avian communities are based on some deterministic processes - a cause and 
effect relationship (MacArthur and Wilson 1967). Cody and Diamond (1975) argued that 
competition plays an important role in the community organization and is responsible for 
the structuring of species along a resource - utilization axis. 
Food is an important limiting resource (Lack 1954, Cody 1968). Holmes et al. (1979) and 
Terbogh (1985) proposed that communities should be structured on the basis of how food 
is partitioned and that synoptic species should differ in physical or behavioural 
characteristics resulting in different food utilizations. Studies of MacArthur and 
MacArthur (1961), MacArthur and Pianka (1966) James (1971) and Erdelen (1984) 
revealed the relationship between bird species diversity and foliage height. However, some 
studies have failed to establish the same relationship in the tropical forest habitats (Pearson 
1982, Wiens 1989). 
Existing theories of community organization have ascribed different roles to both biotic 
(Pianka 1973, Diamond 1974) and abiotic factors (Wiens and Rotenberry 1980, Dunson 
and Trans 199]).Bird species diversity have been found to be the function of certain 
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features of habitat like total foliage volume (Karr and Roth 1971), Vegetation cover 
(Wilson 1974), trophic level (Airola and Barett 1985), foraging strategies (Holmes and 
Robinson 1981), canopy cover (James and Warner 1982, Wiens and Rotenberry 1981), 
microhabitat like tree fall opening in forest (Terbogh et al. 1990) or rocky outcrops in 
shrub steppe habitat (Wiens and Rotenberry 1981). Along the whole vegetation gradient 
most bird species tend to be related to structural variables, though some birds may be 
associated more with particular plant species (Rotenberry 1985, Bersier and Mayers 1994, 
Estades 1997). 
Cornell and Orias (1964) argued that the extent of diversity of a community depends on 
the rate of energy flow through the food web which in turn is influenced by the stability of 
the environment because less energy will be consumed for regulation of the environment. 
Over the years communities tend to evolve to have greater diversity (Fisher 1960, 
Simpson 1964). 
Bird species diversity and richness is also related to the size and extent of vegetation i.e. 
patchiness (Beals 1964). Avian communities are also susceptible and responsive to 
changes in the land use pattern (Daniels et al. 1990). Habitat fragmentation as a 
consequence of clearance of large tracts of forest leads to changes in the avifaunal 
structure and composition. Various environmental factors also affect the communities such 
as rainfall, drought (MacArthur 1964, Holmes et al. 1986) and the climatic instability, 
which limits the opportunity for the niche diversification (Weins 1991). 
Bird communities are used as indicators to efficient monitoring of ecosystems (Canterbury 
et al. 2000). Birds are considered to be a good indicator of environmental quality and are 
Chapter 4 Bird Community Structure 44 
frequently being used to monitor environmental and ecosystem health (Jarvinen and 
Vsisaunen 1979). By virtue of conspicuous nature they are easily researched more 
importantly with agro issues, their pattern of behavior, distribution and demography track 
closely onto the spatial and temporal scales of agricultural changes (Bradbury et al. 2000, 
Ormerod and Watkinson 2000). Bird assemblages based on species composition, 
abundance, richness and diversity along with other attributes as rarity and endemism are 
frequently used for ornithological evaluations and assignment of conservation value to 
sites (Fuller 1980, Daniels et al. 1990). As a consequence of habitat destruction many 
species with narrow habitat ranges have either become locally extinct or show a decline 
(Arnold and Weeldenburg 1990). 
In India many studies have been conducted in different habitats on avian community. 
Gaston 1978, Price 1979, Sugantham 1982, AH and Vijayan 1986, Beehler et al. 1987, 
Joshua and Johnsingh 1988, Katti 1989, Daniels et al. 1991, Daniels et al. 1992, Price and 
Jamadar 1990, Rai 1991, Sundaramoorthy 1991, Johnsinh and Joshua 1994, and Natrajan 
and Rahmani 1996, Javed 1997 etc. However, none of the studies was carried out in 
fragile and threatened ecosystems of Garhwal Himalayas and Pathri Rao taking watershed 
as a unit of study. The present study was carried out with the following objectives: 
•^ To prepare an inventory of the birds of Phakot and Pathri Rao Watershed Areas. 
^ To evaluate bird species diversity and bird species richness over a period of time, 
v^  To investigate the bird community structure in Phakot and Pathri Rao Watershed 
Areas. 
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2. Methods and Methodology 
2.1 Classification ofPhakot and Pathri Rao in different habitat categories 
The habitats in PWA were classified based on the dominant species present in the habitat. 
Oak, pine, sal and mixed bakli were dominated by Quercus leucotriphora, Pinus 
roxiburgii, Shorea robusta and Anogeissus latifolia respectively. Miscellaneous forest 
consisted of mix of Quercus leucotriphora, Bauhinia spp, Euphatorium adenophorum and 
Rhus parviflora. In Pathri Rao dry deciduous forest was classified based on the tree cover 
density using IKNOS data. Deciduous forest (L) was defined as forest with a cover up to 
40%. Deciduous forest (M) had a cover density between 40 to 70% and deciduous forest 
(D) had forest cover density more than 70%. Riverine included forest besides the river and 
sand dunes whereas plantation included mango orchards, and eucalyptus spp. 
2.2 Species listing method 
Species listing method was employed and 15 bird species observed were taken as cutoff in 
each list. Thus each list consisted of 15 species of birds which may or may not reoccur in 
subsequent lists. A total of 15 such lists were found enough for the survey (Poulsen et al. 
1997a) 
2.3 Distance sampling for comparing bird density 
The bird communities were sampled using the fixed radii (20m) Point Count method 
(Reynolds et al. 1980).The sampling points were taken through stratified random method. 
A distance of approximately 250 meters was maintained between two sampling points. 
The duration on the point count is one of the most obvious factors influencing the 
detection probability of the bird species. Keeping the above-mentioned fact in mind, each 
point was monitored for 20 minutes. At each point station, data was recorded on the 
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following variables: (a) species and number of individuals (b) stratum and height of tree 
(c) perch height and (d) activity. In total 110 and 125 points were sampled in Phakot and 
Pathri Rao watershed areas respectively from April 2005 to January 2007. 
2.4 Guild Structure 
Root (1967, 2001) defined guilds as group of species that exploit the same class of 
environmental resources (e.g., food, nest site) in a similar way. Guild studies are 
particularly valuable since they determine the function of avian communities and also how 
these communities are structured in a resource hyperspace used by a set of species. 
Coexistence of species in an area depends largely on various biological factors and most 
important being partitioning of resources (Holmes et al. 1979). 
Composition of species within a guild in any area depends on the habitat related attributes 
like the foraging substrate, vegetation structure, vertical heterogeneity and other aspects of 
physiognomy (Robinson and Holmes 1982, Holmes 1986). Bird species have been 
observed to show preferences for perch height and food sites (Landres and MacMahon 
1980). The data on such patterns was collected during the point counts, whenever a bird 
was encountered. Every time a bird was seen feeding on a substrate or making any attempt 
(e.g. canopy, tree trunk, branch or ground), foraging height and horizontal distance from 
the tree trunk were recorded followed by Krater et al. (2001). The data for all the 
individuals across all the seasons was pooled on the assumption that there is very little or 
no change in the foraging behavior of the birds during different time of the year. This 
pooling of data was done separately for PWA and PWRA. Data on 41 species of birds was 
recorded in PWA and 39 species in PRWA. 
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3. Statistical Analysis 
Shannon-Welner Index (H') was taken for diversity and Margalef s Index (RI) for richness. 
To find out the correlation between the bird (density, diversity, richness and evenness) with 
the habitat parameters, Pearson's product moment correlation coefficient was used. 
Statistical analysis was done using Biodiversity Pro (Neil 1997). Each species list was 
treated as a separate sample. Four non-parametric statistics (Chao I: Chao 1984, Chao 2: 
Chao 1987; Jacknife I: Bumham & Overton, 1978, 1979, Heltshe & Forrester, 1983, Smith 
and van Belle, 1984; Jacknife 2: Bumham & Overton, 1978, 1979, Smith and van Belle, 
1984, Palmer, 1991) were used to extrapolate species richness curves. Chao 1 is abundance 
based estimate where as other three statistics are based on the incidence of species in 
samples. Rarefaction was used to compare the species diversity of two watershed areas. 
Rarefaction plots the expected number of species against number of individuals. It provides 
a measure of species diversity which is robust to sample size effect, permitting comparison 
between communities. Steeper curves indicate more diverse communities. So, for both the 
watershed areas number of species was plotted against the number of individuals for 
comparing the diversity of the bird communities. 
The program DISTANCE 5.0 Release Beta 5 (Thomas et al. 2005) was used to compare 
models, assess goodness-of-fit and determine estimates of bird density for the study 
period, seasonally and across different habitats in both watersheds. The different models 
were compared using Akaike's Information Criteria (AIC; Bumham and Anderson, 1998). 
By the definition the best model is the one with the least AIC value for a given season; 
competing models were those within 2 AIC values. When using AIC to select a particular 
model among alternative candidate models of the detection function, it is not unusual to 
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find that more than one model have similar AlC scores (perhaps differing by AIC's of 2 or 
fewer). When this happens, more reliable inferences can be obtained based on the final 
results on an AIC weighted average of these plausible alternative models (Buckland et al. 
1993; Bumham and Anderson, 2002). Variation of bird density across different habitats 
and seasons was tested by using Two Way Analysis of Variance. Two-way ANOVA 
technique allows us to estimate the effects of two independent variables on a dependent 
variable (Fowler et. al. 2006). 
A matrix was formed of bird species and their mean perch height and horizontal distance 
from trunk for each species. This data set was used to generate guilds. Single linkage 
cluster diagram were generated using nearest neighbor method. As no objective criteria is 
available to use Euclidian distance for separating groups, I considered midpoint of 
Euclidian distance as the separating point and clusters were groups separated by Euclidian 
distance greater than 0.25 or the mid point value for cluster interpretation. All the 
statistical tests were performed following Zar (1999). 
4 Results 
4.1 Accuracy of Sample Size 
Accuracy always increases in model communities with the increase in sample size thereby 
with the number of the species for all the four estimators. For PRWA Chao 1 showed the 
highest accuracy 81.03 % followed by Jacknife 1, Chao 2 and Jacknife 2. For PWA 
Jacknife 2 showed the highest accuracy 74.29% followed by Chao 2 and Jacknife 1 where 
as Chao 1 predicted the highest estimate thus reducing its accuracy to least 35.89%. 
Table4.1 shows the details of species observed using species listing during the study period 
along with the estimates predicted by different estimators. In case of PRWA Jacknife 2 
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showed the highest deviation with an accuracy value of 67.21% where as in case of PWA 
Chao 1 showed the highest deviation with least accuracy 35.89%. 
Figure4.1 and 4.2 illustrates the performance of four estimators for 15 -species lists for 
PWA and PRWA. For PWA 21 samples were used where as for PRWA 19 samples were 
used for the analysis. The curves show the stabilization of the number of species observed 
in watershed areas with respect to different estimators. 89 bird species were listed in Pathri 
Rao and 96 species in Phakot by species listing method. 
Table 4.1: Observed (Sobs) and estimated species number calculated by 4 estimators 
~obs Jacknife 1 Jacknife 2 Chao 1 Chao 2 
Pathri Rao 89 ±1.76 117.26 ±6.43 132.42 ±7.77 109.84 ±6.14 118.03 ±6.12 
Phakot 96 ±0.88 148.96 ±6.86 129.26 ±7.86 267.81 ±15.98 138.2 ±5.56 
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Figure 4.1: Performance of 4 estimators for PWA 
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Figure 4.2: Performance of 4 estimators for PRWA 
4.2 Comparison of watershed areas in terms of bird diversity 
Figure 4.3 shows the rarefaction curves for the two watershed areas. PRWA showed more 
steeper curve than PWA, hence PRWA was more diverse than PWA. 
Phakot 
Figure 4.3: Rarefaction Curves for PWA and PRWA 
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4.3 Comparison of bird density 
In PWA a total of 96 species were encountered during the study period. Overall bird 
density (D) was 30.48 ± 1.77/ha and density of clusters (DS) was 23.21 ± 1.20/ha. 
Encounter rate (n/K) was 2.92 ±0.12 and the average cluster size (A(S)) was 1.31 ± 0.03. 
Bird density was highest in summer 43.13 ± 2.76/ha and lowest in winter 5.96 ± 2.61/ha. 
Table4. 2 gives the details of bird density, density of clusters, encounter rate and average 
cluster size across different seasons in PWA. 
Across different habitat of PWA, density was highest in Mixed Bakli (48.85 ± 13.40 /ha) 
and lowest in Pine forest (18.40 ± 4.75 /ha). Two-way analysis of variance with seasons 
(Winter, Summer and Monsoon) and Habitat as a main effect showed that there was highly 
significant difference in bird density between seasons (F 2,6 = 14.87, P = 0.0005) and there 
was no significant difference in bird density across different habitats (F 6,12 = 1.21, P = 
0.36). Table 4.3 gives the details of bird density, density of clusters, encounter rate and 
average cluster size across different habitats in PWA 
In PRWA a total of 89 species were encountered during the study period. Overall bird 
density (D) was 16.82 ± 1.60 /ha and density of clusters (DS) was 13.26 ± 0.95 /ha. 
Encounter rate (n/K) was 1.66 ± 0.08 and the average cluster size (A(S)) was 1.26 ± 0.07. 
Bird density in winter and summer was marginally different. Table 4.4 gives the details of 
bird density, density of clusters, encounter rate and average cluster size across different 
seasons in PRWA. 
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Across different habitats in PRWA, density was highest in plantation (36.37 ± 22 /ha) and 
lowest in deciduous (D) (3.97 ± 4.53 /ha). Two-way analysis of variance with seasons 
(Winter and Summer) and Habitat as a main effect showed that there was no significant 
difference in bird density between seasons (Fi,6 = 0.57, P = 0.47) and also no significant 
difference in bird density across different habitats (F6,6 = 1.90, P = 0.22). Table 4.5 gives 
the details of bird density, density of clusters, encounter rate and average cluster size 
across different habitats in PRWA. 
4.4 Comparison of diversity and richness 
Species diversity is the number of different species in a particular area (i.e., species 
richness) weighted by some measure of abundance such as number of individuals or 
biomass where as species richness is the number of different species in a particular area 
(Ian et al. 2004). 
In PWA overall bird diversity was 1.618 and richness was 13.869. Bird species diversity 
and richness was almost uniform in all the 7 habitats. Richness was highest in fallow land 
(9.92) followed by oak (9.779) and miscellaneous forest (9.617). Pine forest was least rich 
(6.445). All the habitats show high diversity values. Oak forest was highly diverse (1.533) 
followed by miscellaneous (1.518) and mixed bakli (1.438). Fallow land though highest in 
richness had a diversity value of 1.406. Pine forest was slightly low in diversity (1.328) 
and agriculture land was least diverse (1.315) among all the habitats. 
Two-way ANOVA of variance with seasons (Winter, Summer and Monsoon) and habitat 
as a main effect showed that there was significant difference in bird diversity between 
seasons (F2,6 = 6.84, P = 0.01) and there was no significant difference in bird diversity 
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across different habitats (F6,i2 = 1.42, P = 0.28). However, bird richness varied 
significantly across seasons (F2,6 = 43.86, P = 3.03E-06) but didn't showed any significant 
difference across habitats (F6,i2 = 2.31, P = 0.10). Table 4.6 gives the details of bird 
diversity and richness across different habitats in PWA. 
In PRWA bird diversity was 1.682 and richness was 15.349. Richness was highest in 
deciduous forest (L) (9.811) followed by deciduous forest (M) (8.6). Wasteland had lowest 
richness (1.243). Diversity similarly was highest in deciduous forest (L) (1.458). However 
wasteland was least diverse of all habitats (0.413). 
Two-way analysis of variance with seasons (Winter and Summer) and Habitat as a main 
effect showed that there was highly significant difference in bird diversity between 
seasons (F \fi = 22.25, P == 0.003) and significant difference in bird diversity across 
different habitats (F 6,6 = 6.28, P = 0.02). However, bird richness varied significantly 
across season (F i,6 = 19.44, P = 0.004) and across different habitat types (F 6,6 == 7.78, P = 
0.01). Table 6 gives the details of bird diversity and richness across different habitats in 
Pathri Rao Watershed Area. 
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Table 4.6: Variation of bird diversity and bird richness across different habitats in 
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4.5 Other aspects of comparison 
In relation to aspects, bird richness and diversity in both the areas did not seem to follow 
any trend. Both richness and diversity was highest in eastern aspect but that was slightly 
higher than western aspect. Bird density in both watersheds on the other hand was more on 
eastern aspect, mainly because the sampling was carried out in morning sessions showing 
sampling bias. 
Bird density showed a regular decline along the altitudinal gradient in PWA. Bird richness 
and diversity showed decline with the increase in the altitude, though decline in richness 
was more than in diversity. In PWRA bird density, diversity and richness increased along 
the altitudinal gradient from 200 to 400 meters and then showed the steep decline. Figures 
4.4, 4.5 and 4.6 shows the variation of density, diversity and richness with altitudinal 
gradient in PWA and Figures 4.7, 4.8 and 4.9 shows variation of density, diversity and 
richness with altitudinal gradient in PRWA respectively. 
Correlation of bird diversity with tree and shrub diversity in different habitats in PRWA 
showed decline in bird diversity moving from low forest cover (deciduous forest (L)) to 
dense forest cover (deciduous forest (D)). However, bird diversity was relatively high in 
riverine, agriculture and wasteland despite their low tree and shrub density. It may be due 
to more abundance of species which prefer open habitats like chats, larks and mynas. In 
PWA too, bird diversity showed more regular pattern with tree and shrub diversity. 
In PWA, Pearson's Product Moment Correlation showed negative correlation of bird 
density, diversity and richness with altitude. Bird diversity showed positive correlation 
with tree diversity (r = 0.164 P < 0.01), shrub diversity (r = 0.144 P < O.OI) and herb 
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diversity. Bird diversity also showed positive relation with lopping and grazing. Bird 
diversity like density showed negative correlation with tree cover (r = - 0.189 P < 0.01). 
Bird richness showed similar trends as diversity. Richness was positively correlated with 
shrub richness and negatively correlated with tree cover (r = - 0.186 P < 0.01). In PRWA 
bird diversity too showed strong negative correlation with altitude (r = - 0.255 P < 0.01) 
and slope (r = - 0.258 P < 0.01) and tree cover(r = - 0.111 P < 0.01). Bird diversity showed 
positive correlation with tree diversity (r = 0.206 P < 0.01) and shrub cover (r = 0.266 P < 
0.01). 
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Figure 4.4: Variation of Bird Density with Altitude in PWA Figure 4.7: Variation of Bird Density with altitude in PRWA 
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Bird richness like diversity and density negatively correlated with altitude and slope. 
Richness showed strong and positive correlation with shrub cover (r = 0.206 P < 0.01), 
herb density (r = 0.221 P < 0.01) and herb richness (r = 0.198 P < 0.01). 
In PRWA insectivore birds showed highest richness (10.942), diversity (1.534). This guild 
was followed by granivore which had richness of (4.254), diversity (1.055). Carnivore 
guild was least diverse. In PWA, Guild diversity was highest for insectivores (1.59) 
followed by granivore (1.058). Carnivore birds were found least diverse (0.579). Richness 
too followed the same pattern, however omnivore birds were least rich. Insectivores were 
almost 10 times richer than omnivores. 
4.6 Guild Structure Comparison 
41 species out of 96 species in PWA and 39 species out of 89 species in PRWA were used 
to generate guilds based on their similarities in exploiting certain sections of the vegetation 
for food. Figure 4.10 and figure 4.11 show the single linkage cluster diagram of birds in 
PWA and PRWA respectively. Four different guilds were identified in PWA and three in 
PRWA. 
Guild 1 consists of species which forage on the ground. It includes Lophura leucomelanos, 
Turdoides straitus. Passer rutilans and Garrulax lineatus in PWA and doves, wagtails, 
mynas and larks in PRWA. Guild 2 included species like Aethopyga siparaga, Dicrurus 
leuciphaeus, bulbuls in PWA and Pericrocotus ethologus and parakeets in PRWA. These 
guilds occupy the top canopy and include granivore, nectanivore and insectivorous birds. 
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Figure 4.10: Cluster diagram of bird community based on feeding niche in PWA 
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Bray-Curtis Cluster Analysis (Single Link) 









































Figure 4.11: Cluster diagram of bird community based on feeding niche in PRWA 
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But this guild was dominated by insectivorous birds in both watersheds. Guild 3 consist 
of bird species who exploit tree trunk for food. It includes woodpeckers and nuthatches in 
both watershed areas but more prominent in PWA. Guild 4 contains birds who occupy 
middle and lower canopy. It includes Parus major and Aegithalos concinnus in PWA and 
Eumyias thalassin, Rhipidura albicollis and warblers in PRWA This guild was more 
prominent in PWA but could not be clearly distinguished in PRWA. 
Four guilds occupied different zones in vegetation hyperspace. In general insectivore 
species tend to occupy top canopy and outer canopy, their mean distance from tree trunk 
was more than any other species. It allows them easy access to catch insects. Species like 
drongos and bulbuls use perch height only to position themselves to catch insects, unlike 
woodpeckers and nuthatches who drill the tree trunk to look for their food. Species like 
Phylloscopus humei, Zosterops palpehrosus and Sylvia curruca occupy middle canopy and 
thrushes exploit the lower canopy. While Parus major tend to be near trunk, Aegithalos 
concinnus occupies the outer side, however, these species maneuver within the canopy 
depending on the height of the tree. In general "Insectivore species" mean distance from 
trunk was more because it will give them freedom to maneuver while catching insects. 
Specie like Prinia socialis prefers shrubs rather than tall trees. In general, community 
structure of both the sites seems to be consisting of insectivore, granivore and frugivore 
species, though insectivore species dominated in both the areas. The community structure 
of birds in PWA is more complex than the PRWA. For example 50% of area in PRWA 
consists of deciduous forest without structural differences and same is true for riverine and 
wasteland areas. 
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5. Discussion 
In terms of bird diversity PRWA was more diverse as compared to PWA. This is mainly 
due to location of PRWA in tropic where as PWA lies in temperate region of the middle 
Himalayas. Based on the unique geographical setting of the PRWA it has the avifaunal 
assemblages of both Himalayas and Gangetic Plains. The overall bird listing including the 
occasional records accounted for 116 species for PRWA and 109 species for PWA. The 
estimate for PRWA, based on four estimators, is within 95% confidence limits, whereas 
for PWA Chao 1 overestimated the probable number of species within the watershed. The 
main reason behind this is that Chao 1 estimator is abundance based and bird densities 
were highest in PWA in summer season. The location of PWA is between the altitudinal 
gradient from 600-2000 meters and the area attracts most of the birds of the lower 
altitudes. The importance of this migration was confirmed by the sighting of Pavo 
cristatus in the PWA watershed only during summer seasons. 
The structure and functioning of a biological community are affected by the 
characteristics, life histories and interactions of its constituent species. Which species 
actually co-occur in a particular place at a given time is determined by a variety of 
historical and ecological factors (Holmes et al. 1979). Food is an important limiting 
resource (Lack 1954). Density, diversity and richness were highest in summer than winter. 
Anderson et al. (1982) and Rosenberg et al. (1982) have earlier shown that bird density 
and diversity depend on the availability of insect population in different seasons. Since 
winters are cold in both the areas, it is possible that insect population goes down 
subsequently reducing population of insectivorous bird species during winter. 
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Bird density of agriculture fields in PWA was more tlian agricultural fields in PRWA. 
Agriculture fields are present in mosaic with surrounding woodlands in PWA. These 
woodlands provide breeding and feeding sites and allow colonization of individual and 
species (Woodhouse et al. 2005, Buckingham et al. 2006). These may also provide 
roosting sites for the birds. High density but lower diversity and richness of birds in 
agriculture fields in both areas may be due to the presence of granivore species like 
parakeets which forage in groups. 
Oak and miscellaneous forest in PWA showed higher diversity and richness of_birds. 
Average tree height and GHB was also highest in these habitats. Older trees provide more 
food availability for foliage and trunk gleaners as well as more breeding sites for birds 
nesting in tree holes (Thomson et al. 1999, Keller et al. 2003). Avery and Charles van 
Riper III (1989) attributed the high relative density of birds in Oak forests to greater 
complexity of habitats. Bird diversity and richness showed positive relation with tree and 
shrub diversity in all the habitats. Diaz (2006) found species richness increasing with 
shrub diversity in Oak forests. Bird species correlate with tree species was also 
demonstrated by Peck (1989) for British forest birds. Increase in structural complexity and 
floristic composition quite often are related to enrichment of associated bird communities 
since more heterogeneity allows more species to create niches (Poulsen 2002, Shochat et 
al. 2001, Laiolo 2002, Machtans and Latour 2003). 
Margalef (1958) suggested sigmoid relation between diversity and cover. Grass layer adds 
slightly to the avian diversity. With the addition of the first shrub cover, diversity 
increases more rapidly. As more cover is added, diversity decreases as it restricts the 
mobility of the avifauna in the very dense foliage. This might explain the decrease or 
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negative correlation of bird density, diversity and richness with dense cover. These results 
were also in confirmation with Karr and Roth (1971). Henning's and Edge (2003) and 
Blair (1996) put similar argument that bird species richness and diversity peaked in areas 
with moderate canopy cover. 
Decline of bird species richness and density with elevation has been attributed to decline 
in forest area at higher elevations, decline in abundance and size distribution of 
invertebrates, competition and changes in environmental conditions (Terborgh 1971), local 
migration of birds along gradient (Stiles 1978), spatial variation in resources (Blake and 
Loiselle 2002), reduced primary productivity (Lawton et al. 1987). Some studies 
emphasized that low bird density and diversity at higher elevations is due to the fact that 
such areas act as ecological islands (Prodon et al. 2002, Kattan and Franco 2004, Diaz 
2006). However apart from these reasons higher altitudes in both the study areas had dense 
canopy cover which affected both bird density and diversity. 
Bird diversity and richness were higher on eastern aspects than western aspects in both the 
sites. Eastern aspects of mountains get sunlight earlier than other aspects in morning and 
woodland birds are known to prefer hot sunny sites than cool shaded sites (Mitchell et al. 
2006). Since sampling was carried out in morning hours only, therefore high bird density 
and diversity may be due to warmth in the eastern aspect in the morning. The results from 
the Pathri Rao watershed area were in contrast probably because half of the area had flat 
terrain with no marked aspects. 
Bird density and richness in both the areas showed tolerance towards grazing and lopped 
areas. Laiolo et al. (2003) put forward the view that grazing is known to have little effect 
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on typical open habitat bird species. This study confirms the above pattern. Daniels (1989) 
and Javed (1997) found an increase in bird species diversity when forests are disturbed. 
Secondary vegetation growth as a result of lopping or grazing provide more scope for 
forest generalist species to exploit for food and resting (Beehler et al. 1987, Terborgh and 
Weska 1969). Bock and Webb (1984) argued that birds generally respond to change in 
vegetation structure as a consequence of grazing rather than to the presence of cattle per se 
but avian response vary from site to site (Wein and Dyer 1975). Urbanization is 
accompanied by changes in bird species richness but such changes whether positive or 
negative depend upon on the degree of urbanization. 
Both watershed areas were disturbed due to human activities. However, disturbance in 
PWA is more restricted to lopping and grass cutting whereas, in PRWA more commercial 
activities were carried out as a result of establishment of industrial setups. Rural activities 
modify wildlife habitat and increase vegetation structure and variety (Crooks et al. 2004, 
Glennun and Porter 2005, Chapman and Reich 2007). Native habitats mixed with cropland 
create a landscape with habitat for a wide variety of species (Soderstom and Part 2000, 
Burke and Nol 2000). 
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CHAPTER 5 MAMMALS 
The conservation of the mammalian community is one of the important goals in wildlife 
management of wildlife areas as it forms larger prey-predator system (Cairns and Tefler 
1980). Understanding factors that govern species distribution is a central goal of ecology 
and is of fundamental importance to conservation biologists and wildlife managers (Scott 
et al. 2002). 
For any population the only assertion that can be made about it with certainty is that its 
size does not remain constant. Though change is the rule of nature, it is this trend in 
population that is good indicator of animal's response to habitat quality. Decisions, about 
how to manage wildlife often rely on information about whether, populations are 
increasing or decreasing (James 1996). 
Studies of habitat selection of individual or population continue to play an important in 
the efforts to generate sufficient knowledge for effective wildlife Management (Otis 
1997). Habitat selection is determined by identifying the disproportionate use of habitats 
(Johnson 1980). Aebisher et al. (1993) believed that common aim of the habitat use 
studies is to determine whether a species uses habitat available at random or not. 
Differential habitat selection is one of the principal relationships which permit species to 
co-exist. Each species of animal functions best in an environment with particular 
characteristics. Habitat selection has been found to depend upon the magnitude of 
environmental variance, intra-specific and inter specific interactions and inter-specific 
including competition and predation (Levins 1968, Bryant 1973). Spatial and temporal 
variability in composition of vegetation structure has long been assumed to be dominant 
factor in habitat selection (Karr 1971). 
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Referring to the stratification of ungulate distribution and habitat utiHzation in the 
northern savannah, Lamprey (1963) showed that ecological separation was achieved 
mainly by differences in spatial and temporal distribution and by the use of different 
feeding levels. Blankenship and Field (1972) studied ungulate distribution and could 
relate ungulate preferences for certain habitats to floristic components of the habitats. 
Harris (1972) made extensively use of mathematical indices to elucidate community 
structure in his studies and found a strong degree of spatial and temporal pattern 
Single species approach to conservation, management, and monitoring are insufficient to 
combat the threat to overall biological diversity of the area. Multi species based 
monitoring approaches are needed to provide reliable, timely, and informative measure of 
change in the status of population, communities and biological diversity (Manley et al. 
2005). 
A natural community or group of communities can be regarded as a multivariate complex 
with the distribution of any specific organism therein being a function of distribution of 
one or more of biotic or physical community factors. Animals which exhibit a 
heterogeneous distribution over a given area are responding qualitatively and 
quantitatively to habitat factors which relate directly or indirectly to their well being and 
survival. Certain of these factors may be so important that a relation between them and 
the animal's distribution obviously exists (Hirst 1975) 
India is remarkable for the variety of its large mammalian richness exceeded by few 
countries in the world (Schaller 1967). The pioneering work of Schaller (1967) in Kanha 
National Park was the first ecological description of some of the common ungulate 
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species found in India. Since then there has been several studies (e.g., Eisenberg and 
Lockhart 1972, Berwick 1974, Sharatchandra and Gadgil 1975, Dinerstein 1980, Mishra 
1982, Johnsing 1983, Barrette 1991, Khan et al. 1995). However, information on 
ecological aspects is far from satisfaction even on widely studied ungulate species, leave 
alone herbivores in the sub-continent. 
The Shivalik Himalayas is home to many mammalian species including tiger, leopard, 
elephant, black bear, chital, Indian muntjak, sambar and goats like goral etc. Over the 
years however, poaching, habitat degradation and habitat loss has lead to the drastic 
reduction in their numbers. The present study aims to know the status of mammalian 
fauna in two watershed areas. The main objectives of the study were: 
v^  To study the population structure of mammals in the two watershed areas. 
•^ To study the habitat use by major ungulate species in the two watershed areas. 
•^ To study niche overlap among sympatric ungulate species in the two watershed 
areas. 
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Methodology and Analysis 
Large mammalian populations of the study areas were sampled by using a combination of 
direct and indirect methods. Among the direct methods, trail count has evolved as a 
sound method of finding distribution and population index (MaCaffery 1976). Trail count 
utilizes the direct sightings of the animals. Six trails in PWA and four in PRWA were 
identified, which pass through almost whole area. These trails were walked 48 times in 
total covering a distance of 588 kilometers (204 km in PWA and 384 km in PRWA) 
during the entire study period. The whole distance was covered in 113 hours (90 hrs in 
PWA and 23 hrs in PRWA). These trails were walked in the morning, midday and in the 
evening, though majority of trails were walked in the morning. Distance of trail and total 
time taken in completing the trail was recorded. Data on species, their number, age and 
sex were recorded. Sex and age of different individuals was identified based on the 
morphological features and their size. Individuals were classified into five groups that is, 
adult male, adult female, sub-adult male and sub-adult female and fawn. 
Encounter rate was calculated (animal groups/km) both individually as well as season 
wise. Kruskal-Wallis One Way ANOVA was used to find out difference between 
encounter rate within species and between seasons. 
The indirect methods relies on the quantification of the indirect evidences such as pellet 
groups, scats, pug- marks, hoof marks, dung piles etc. Pellet group count method was 
employed in quantification of indirect evidences. Pellet group count method was first 
described by Bennet et al. (1940) and has subsequently been used by a number of 
investigators (Eberhardt and Van Etten 1956). Permanent circular plots of 10 m radius 
were established in different habitats. Plots were randomly laid maintaining an 
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approximate distance of 250 meters. The presence of pellets, indicate that the animal has 
used the area. The pellets of different species were distinguished from each other by their 
size, shape and color. Only fresh and well-shaped pellets were considered. Partially or 
completely disintegrated pellets were not included in the sample to avoid error. The 
sample plots were cleared of any pellet before the onset of season and pellet groups were 
allowed to compile till the next sampling. 
Statistical analysis 
The data matrix was transformed using log and arcsine transformations before performing 
any statistical test to standardize and to improve normalcy in the data following Zar 
(1999). The values of the mean pellet group were compared with different habitats to test 
for significant difference using one- way ANOVA. Encounter rate was calculated (animal 
groups/km) both species as well as season wise. Kruskal-Wallis One Way ANOVA was 
conducted to find out difference between encounter rate within species and between 
seasons. Pearson's product moment correlation analysis was used to observe correlation 
between the pellet group densities of four sympatric ungulate species with habitat 
parameters. To reduce the dimensionality of variables and to extract maximum 
information from the variables Principal Component Analysis (PCA) (Johnson and 
Wichern 1992) was conducted. Factor analysis reduces the dimensionality of the habitat 
variables and this was done by pooling the whole data together. The first two factors were 
used for interpretation as this explained maximum variance in the data. Discriminant 
function analysis (DFA) was used to investigate the habitat differentiation by the species. 
Based on variables the relative location of the group centroids for case variables was 
plotted against the derived discriminant functions to conclude the habitat segregation or 
exclusive habitat usage between the four sympatric ungulate species. All the habitat 
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variables including the topographic features were put into the analysis to extract 
differentiation between the response of the DFA to various measured habitat and 
topographic variables. Analysis was done using statistical package for social sciences 
SPSS (Norussis 1990). 
A variety of indices have been proposed, which can be calculated for field measurements 
of the ecological niche such as utilization of dietary components, microhabitat, or 
temporal or spatial activity. The indices typically range from 0 (no resources used in 
common between two species) to 1.0 (complete overlap in resource use). Niche overlap 
was estimated based on the pattern of usage of particular habitat, altitudinal range, aspect 
and diversity of shrubs and tree species. These aspects are crucial for co-existence of 
species. Sympatric species can only occur when they isolate themselves at spatial and 
temporal scales based on the availability and utilization of resources. Pianka index for 
species 1 and 2, with resource utilizations pii and p2i, Pianka's (Pianka 1983) overlap index 
of species 1 on species 2 (O12) was calculated as: 
Z^^^h') 
j - i 
1, 2 represents species 1 &2 with utilization of this habitat micro-components P12 & P2i-
This index is similar to the original asymmetric index (MacArthur and Levins 1967) index. 
The denominator has been normalized to make it symmetric keeping the stability 
properties unchanged (May 1975). 
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Randomized Algorithm RA3 was used to which opts for retainedTTithe^breadth and zero 
states were reshuffled based on recommendations by Winemiller and Pianka (1990). 
Various resources which govern overlap or isolation in sympatric ungulate species was set 
to equiprobable - which assumes that every resource which governs isolation or overlap is 
equally abundant or unusable to all species, We following Gotelli and Graves (1996). If 
the resources are not equiprobable, the analysis would tend to over-estimate niche overlap 
because species will tend to use common resource state even if there is niche segregation. 
The number of pellet groups for each species in each plot was used to calculate pellet 
group density. The values were pooled together to calculate the mean pellet group density 
for each species vis-a-vis different habitat types. The values of the mean pellet group 




During the study period 8 species of mammals were recorded in PWA and 10 species 
were recorded in PRWA. Chital and Nilgai were the two species present in PRWA but 
absent in PWA. (Appendix V & VI gives checklist of mammals recorded in PWA and 
PRWA). 
(a) Group Size 
A total of 263 individuals counted in 87 groups were seen in PWA. Thirty one of such 
groups were that of muntjac {Muntiacus muntjak), 22 groups of Goral (Naemorgedus 
goral), 10 groups of Rhesus (Macaca mulata) and 14 groups of Langur (Semnopithecus 
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entellus). Rest of the 10 groups was that of Yellow throated Martin (Martes flavigula). 
Grey woodland shrew (Croidura attenuate). Wild Boar (Sus scrofa), Jackal (Canis 
aureus) and Sambar( Cervus unicolar). In PRWA a total 1179 individuals were counted 
in 170 groups. Largest number of groups was that of Nilgai (Boselaphus tragocamelus) 
(48), followed by Chital (Axis axis) (43) and Langur (Semnopithecus entellus )(20). In 
terms of total number of individuals chital was seen highest with 331 individuals 
followed by Rhesus (313) and Nilgai (261). 
In PWA the largest mean group size (mean ± SE) was found in Rhesus (7.40 ± 2.684) 
and the smallest group size was found in Muntjac (1.61± 0.152). Table 5.1 gives the 
mean group size of different species in PWA. Mean group size of Muntjac and goral was 
higher in winter (2.00 ± l.OOand 1.80 ± 0.58) than in summer (1.66 ± 0.177and 0.173 ± 
0.20 respectively). Group size was smallest in monsoon in both the species. There was 
however no significant difference in mean groups in three seasons (Tables 5.2, 5.3 and 
5.4). 
Mean group size of mammals in PRWA was highest in rhesus (17.39 ± 3.42), followed 
by langur (10.05 ± 2.620). Among ungulates, chital had the highest mean group size (7.70 
± 1.793), followed by nilgai (5.44 ± 0.916). Muntjac was found almost solitary with a 
mean group size of 1 ± 0.00. Table 5.5 gives the mean group size of different species in 
PRWA. Mean Group size of chital was higher in summer (12.31 ± 3.7) and it ranged 
from 1 to 74 animals. Except goral mean group size of all the mammals was higher in 
summer season. There was significant difference in group size in two seasons of chital (F 
- 5.858 P < 0.020) and Nilgai (F = 7.76 P < 0.008).Tables 5.6 and 5.7 gives mean group 
size of mammals in two seasons in PRWA. 
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Twenty three percent of groups of chltal consisted of single individuals and 45% groups 
consisted of 2 to 10 individuals. During winter single groups increased to 33% but came 
down to only 10% during summer. In contrast groups containing more than 10 
individuals increased from 12.5% to 42% during summer (Fig. 5.1). 
Goral in both the sites was dominated by groups having 2 to 5 members (60%). There 
was no group found with membership exceeding more than 5 (Fig.5.2 and fig. 5.3). 
In Nilgai, 27% groups were single member and 20% more than 10 members. During 
winter 2 to 5 category groups increased to 43% and during summer the number of groups 
having more than 10 members doubled to 31 % from that of 15% during winter (Fig. 5.4). 
In sambar 55% belonged to single member groups and 45% to 2 to 5 member groups. 
There was not much variation in the different seasons (Fig.5.5). 
Fifty percent of muntjac in PWA were found in single member groups and 41% were 
found in 2 to 5 member groups (Fig.5.6). Rhesus in PRWA showed more gregarious 
groups (70% in more than 10 member groups), whereas in PWA it showed almost 
equitable presence in all the four categories (Fig.5.7 and Fig.5.8). In langur 55% belonged 
to more than 6 member groups whereas 46% langur was recorded in single member 
groups (Fig. 5.9 and fig. 5.10). 
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Mean ± SE 
1.61 ±0.15 
1.73 ±0.18 
7.40 ± 2.68 
6.21 ±2.68 
2.00 ±1.00 
Table 5.2: Mean group size of mammals in summer season in PWA 





























Mean group size 
1.20 ± 0.20 
1.50 ± 0.50 
4.28 ± 2.51 
13.25 ±5.77 






















Mean group size 
2.00 ±1.00 
1.80 ±0.58 
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Table 5.6: Mean group size of mammals in winter in PRWA 















































Mean group size 
12.31 ±3.7 
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Fig. 5.2: Percentage of goral in different group sizes in PRWA 
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Fig.5.5: Percentage of sambar in different group sizes in PRWA 






0.00 l l l l 
2 to 5 6 to 10 >10 
• Total ». Summer M Monsoon • Winter 






2 to 5 6 to 10 >10 
I Total i Summer • Monsoon • Winter 










2to5 6 to 10 >10 
I Total Winter M Summer 
Fig.5.8: Percentage of rhesus macaque in different group sizes in PRWA 
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Fig.5.10: Percentage of langur in different group sizes in PWA 
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(b) Sex ratio 
Chital 
A total of 331 individuals of Chital were observed. Males including both adult and sub-
adult were 25.37%, Females including sub-adult were 52.87%. Fawn numbered 17.81%, 
whereas, sex of 4.53% individual could not be identified. Number of adult females per 
100 adult males was 254. Number of sub-adult female per 100 sub-adult males was 150 
and there were 52 fawns per 100 adult female. In total there were 208 females per 100 
males. 
Goral 
In PRWA only 25 individuals of Goral were encountered during trail counts. Out of 
which 16% were males and 52% were females. Fawns constituted 16% whereas sex of 4 
individuals could not be determined. For 100 males there were 325 females. The sex ratio 
in sub- adults was equal. The number of fawn per 100 females was 325. 
In PWA, goral population comprised of 52.63%) females and 34.21 % males. Fawn 
constituted 13.1%) of the population. Number of females to 100 males was 242. Similarly, 
55 sub-adult females belonged to 100 sub-adult males. Number of fawns per 100 adult 
females was 29.4. 
Hanuman Langur 
Out of total number of 201 individuals of Langur in PRWA, Females constituted almost 
half 99 (49.25%). Males numbered 23, constituting 16.91 % of the population. 9.75% 
were young ones and sex of 30 individuals remained unidentified. Here again Sex ratio 
was biased towards female in all the categories. Number of female to 100 males was 347. 
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Among sub-adult ratio was 172 females for 100 males. There were 37.6 fawns per 100 
females. In general number of females to 100 males was 123. 
In PWA in Hanuman langur females were less than half (43.67%), males (20.68%). 
Fawns were more than males (29.88%) whereas sex of 5.74 % individuals was unknown. 
Sex ratio favored females. Ratio in total population was 208 females per 100 males. The 
sex ratio of sub adult male to sub aduh female was 216 females per 100 males. Number 
of fawn per 100 adult females was 71.58. 
Muntjac 
In PWA muntjac, female constituted 52% of the population and 32% was constituted by 
males. 12% were fawn and rest could not be identified. In PWA number of females muntjac 
per 100 males was 162.5, 125 sub-adult females belonged to 100 sub-adult males number 
of fawns per 100 adult females was 90.10. 
Nilgai 
A total of 261 individuals of nilgai were observed. Males including sub-adult were 
11.87%, Total females were 58.62% and fawns constituted 28.73%of the population. 
Number of adult females per 100 adult males was 108. There were however, 850 sub-
adult females to every 100 sub-adult males. There were 73.52 fawns per 100 females. In 
total there were 493 females per 100 males. 
Rhesus Macaque 
In PWA among Rhesus 59%o were females. Males constituted just 18.91% and young 
ones were 17.56%. Sex of rest 4.54% was unknown. Male to female ratio was 440 
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females per 100 males. Sub adult male to sub adult female was 244 females to 100 males. 
Number of fawn per 100 adult females was 59. 
A total of 313 individuals of rhesus were observed in PRWA. Total males observed were 
64 constituting 20.44% of the population. Females including sub-adult females numbered 
150 (47.92%) and that of young one constituted 21.72% of the population. Sex of 22 
individuals could not be ascertained. Sex ratio favored females. Sex ratio of adult male to 
adult female was 306 females to 100 adult males and 166 sub-adult females. There were 
71.58 fawn per 100 females. 
Sambar 
Sambar sightings were rare and only 28 individuals were observed. The results showed 
bias towards males. Males constituted 50% of the population whereas females constituted 
46.42% rest were that of fawn. The sex ratio too favored males. There were 90 females 
per 100 males. However, there was equal ratio in sub-adult category. Number of fawn per 
100 females was 11.12. 
Tables 5.8 and 5.9 give the percentage sex ratio of mammals in PWA and PRWA 
respectively. The sighting of jackal did not allowed to identify their sex. The sample size 
of muntjac, wild boar and leopard was small to get any significant results. 
(c) Encounter Rate 
Encounter rate (ER) of chital was highest among all the mammalian species in PRWA 
(4.33 animals /km) followed by nilgai. With the exception of sambar encounter rate of all 
the species was higher in summer than in winter (Table 5.10). There was no significant 
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difference in encounter rates between seasons. Encounter rate of different mammals in 
different seasons in PRWA is given in Table 5.10. 
Other than primates, highest ER in PWA was of Goral (0.336/km). Both goral and 
muntjac showed highest ER in summer followed by winter. Monsoon showed lowest ER, 
possibly due to the low detection rate during monsoon. Difference in ER between seasons 
was not significant, though difference in ER between species was significant (H' = 16.68 
P < 0.020).Table 5.11 presents encounter of different mammals in PWA. 
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Many species of mammals form social groups during foraging, migration and daily 
activities. The size of group is often considered a fundamental attribute of social 
organization of such species (Jarman 1974). Usually the observed group size is explained 
as arising from a balance between various advantages of groups living and costs (Pulliam 
and Caraco 1984). In attempts to understand why animals form groups biologists have 
focused on anti-predator benefits of increased group size , including shared vigilance 
(Lazaraus 1979), dilution of risk (Foster and Treheme 1981), predator swapping (Clark 
and Robertson 1979), confusion of predators (Milinsk 1977) and an increased ability to 
mob predators (Curio 1978). 
The results of mean group size of chital and sambar are similar to the values reported by 
Karanth and Sanquist (1992) from Nagerhole Tiger Reserve and Mishra (1982) from 
Chitwan National Park and Khan et al., (1995) from Gir National Park. Chital are the 
most gregarious ungulates and commonly form medium to large groups (Karanth and 
Sanquist 1992).The mean group size of Nilgai was higher than as reported by Khan et al. 
(1995). This might be due to congregation of Nilgai on the Park periphery for crop 
raiding during the night. The smaller group size of sambar is explained on the habitat 
(closed forest) it occupies (structuralist explainaton, Barrette 1991), its solitary nature and 
antipredator strategies (Johnsingh 1983). 
Group size of muntjac in PWA was 1.61 and goral 1.73. These values were higher than 
Orus (2001) in Kumaon Himalayas and Barrett (1977) bur similar in range to Mishra and 
Johnsingh (1996) in Majhatal Harsang Wildlife Sanctuary. Small group size apart from an 
anti predator strategy can be explained on the feeding habit of the species. Small body 
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size, which results in higher basal metabolic rates suggests as the main factor which 
govern selective feeding on high quality food items available in the habitat (Jarman 1974). 
Small group size of muntjac is based on the fact that it is a solitary, forest dwelling 
ruminant and inhabits dense shrub cover in the broad leaved forest (Teng 2004). Being a 
nibbler (Barrett 1977), it feeds on tender leaves, twigs, seed pods and shrub fruits. These 
items have higher protein and accessible plant cell content and tend to be small, distinct 
and spatially scattered foliage (Jarman 1974). Goral despite being a grazer, exploits 
comparatively more high quality grasses than low quality grasses (Ilyas and Khan 2003), 
which too are scarce and scattered will govern its small group size. But its ability to 
exploit cliffs or landscape not often liked by predators explains its higher group size than 
muntjac in the study area. 
There was increase in group size in summer in sambar. Nilgai and chital. The seasonal 
variation in mean group size has been documented by others also (Barrette 1991, 
Dinerstein 1980). In an explanation for seasonal variation in group size, many factors have 
been enumerated. Social organization of species (Rodgers 1977), open structure, food 
availability, rutting activity (Hamilton 1971, Khan and Vohra 1992). Sharatchander and 
Gadgil (1975) attributed the increase in group size during rainy season to high food 
availability. Dinerstein (1980) on the other hand considered predation detection as the 
prime reason for bigger group size due to increase in plant cover and density. Khan et al. 
(1995) believed that increase in plant cover and density will cause the herds to fragment 
but also bigger group size will increase the probability of predation as dense cover may 
help predators to stalk. For species like chital and swamp deer having open member social 
structure and food availability has been considered as main factors responsible for 
seasonal changes (Khan et al. 1995, Ahmed 2007). 
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Sex ratio is generally an indicator of the reproduction potential of the species. A high 
percentage of young as compared to adult generally indicate a fast growing and thriving 
population. Ideally, we should get a sex ratio of 1:1 in the natural populations. However, 
sex ratio of all the mammals in the study areas favored females, except muntjac in 
PRWA. Since only three individuals were seen therefore it could be due to small sample 
size. Female biasness has already been reported in many studies (khan et al. 1995 for 
chital and sambar, Ahmed (2007) for swamp deer. There was slightly male biasness in 
sambar in PRWA. Earlier also reported by Seidenstiker (1976). The disparity in adult sex 
ratio in favor of females has been attributed to several factors such as misclassification of 
individual (Sharatchander and Gadgil 1975, Mishra 1982), higher mortality of male fawn 
(Schaller 1967, Johnsingh 1983), selective predation on males (Schaller 1967 for sambar, 
Karanth and Sanquist 1992 for chital, sambar and wild boar). Karanth and Sanquist 
(1992) suggested that female bias may be due to male's solitary habitats, proneness to 
injuries from intra - specific aggression, lack of alertness during rut and dispersal 
behavior may render them vulnerable to predation. Sex ratio of muntjac (52%) and goral 
(52.63%) in PWA was in contrast to value (21.2% for muntajac and 23.7% for goral) as 
reported by Orus (2001) from Kumaon Himalayas. It could be mainly due to 
misclassification of the individuals. 
Habitat use of ungulates in Phakot Watershed Area 
Habitat use and overlap studies were carried on three ungulate species sambar {Cervus 
unicolor, goral {Nemorhaedus goral) and muntjac {Muntiacus muntjak). Though wild 
boar was also present in the area but their sightings were few and indirect evidences were 
less therefore it seemed wild boar does not exist as a major ungulate species in the area 
and as a result was left out of the analysis. 
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Pellet groups were counted in summer and winter seasons for all the three species. Table 
5.12 gives mean pellet group density in PWA. Mean pellet group density (per ha ± SE ) 
was highest in muntjac (6.06 ± 0.158) followed by goral (4.24 ± 0.121) and sambar 
(1.009 ± 0.07). One way ANOVA showed significant difference in the mean pellet group 
densities of Muntjac in two seasons (F = 9.059 P < 0.003). There was however, no 
significant difference in the mean pellet group densities of goral (F = 0.312 P = 0.577) 
and sambar (F = 0.432 P = 0.432) in two season. Table 5.13 gives the pellet group density 
in different seasons. 
Out of seven habitats mean pellet density of Muntjac was highest in miscellaneous forest 
(9.95 pellet groups /ha) and lowest in pine forest (0.83 pellet groups/ha). There was 
significant difference in mean densities across different habitats (F = 2.7 P < 0.00). Mean 
pellet group density of goral was highest in pine forest (6.70/ha), and closely followed by 
oak forest (5.97 per/ha). It was lowest in Fallow land (1.42 per/ha). The difference across 
different habitats was highly significant (F = 1.7 P < 0.00). Sambar was present only in 
three habitats. Its pellet density was highest in oak forest (0.229/ha). The mean pellet 
density of sambar was significantly different in habitats (F = 1.5 P < 0.00) (Table 5.14). 
All the three species showed positive relation with altitude. Pellet group density was 
highest above 1800 m and lowest in the middle altitude from 900 m to 1500 m. sambar 
did not showed its presence in the lower altitude and was present only after 1500 m. 
Mean pellet density of muntjac and Goral in different altitude range was significant (F = 
2.665 P < 0.026)(F = 8.264 P < 0.00) respectively. Sambar pellet group density did nor 
differed significantly (F=1.743 P<0.131). Among the four aspects, Muntjac showed 
highest density in the southern aspect followed by east and north. Goral on the other hand 
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showed affinity with eastern aspect followed by north. Sambar pellet group density was 
highest in northern aspect and followed by south. There was no significant difference in 
the mean pellet group density in different aspects. 
All the three species seemed to avoid the vicinity of the human habitation. Pellet gruop 
density was highest at a distance of more than 2 km from nearest hamlet. Pellet group 
density of goral was highest between 0.5 to 1 km distance, probably due to its liking for 
cliff and rocks which were present in Nadumka, which was at distance of about 1km from 
Katkore village. Unlike goral and sambar, Muntjac seemed tolerant to the human 
presence. Pellt group density of muntjac, and goral with respect to distance from human 
habitation was not significant. 
Ungulate species respond to grazing. Pellet group density of Muntjac was almost double 
in non-grazed area (26.2 / ha) to grazed (14.0 / ha).Similarly pellet group density of goral 
in non grazed area was more. Only exception was sambar. Whose pellet group density 
was slightly higher in grazed plots (3.11/ ha) to non grazed plots (3.5 / ha). 
The Principal Component Analyses (PCA) on presence and absence plots of goral, 
muntjac and sambar extracted 13 components showing the cumulative percentage of 
87.34% for goral, 11 components for muntjac and sambar accounting for 72.79% 
variance in the data set. The first three components accounted for 40.63%) of variance in 
goral, 32.79%) for muntjac and 38.26%) for sambar in the data sets. For goral first 
component was positively correlated with shrub density, shrub cover, grass height, and 
tree height and negatively with herb density. The second component was positively 
correlated with herb density, herb diversity and herb cover (Table 5.15 gives PCA matrix. 
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Figure 5.11 and 5.12 shows the ordination and distribution of animal and random plots of 
goral). First component for muntjac, was highly positively correlated to shrub density, 
shrub cover, grass height and grass cover. The second component was positively 
correlated with altitude and distance from nearest human habitation. (Table 5.16 gives 
PCA matrix. Figures 5.13 and 5.14 show the ordination and distribution of animal and 
random plots of muntjac). For sambar first component was positively correlated with 
shrub density, shrub height and cover. Second component was positively correlated to 
herb richness and grass diversity. 
Sambar showed positive correlation with tall trees (r = 0.269 P < 0.01), dense tree cover 
(F=0.340 P<0.01). Goral correlated positively with tree cover (r = 0.248 P < 0.01) and 
Shrub covers (r = 0.310 P < 0.01) and grass cover (r = 3.03 P < 0.01). Muntjac on the 
other showed positive correlation with tree density (r = 0.270 P < 0.01), tree cover (r = 
0.129 P < 0.01). Table 5.17 shows the degree of overlap between three species in 
different habitat variable. 
Muntjac prefers mixed bakli and oak forest whereas goral showed preference for pine and 
oak forest. Affinity of goral with pine forests has earlier been shown by Mishra and 
Johnsingh (1996). Preference of mixed bakli forest by muntjac can be explained on the 
fact that it lied in the vicinity of water source. Since water availability was limited, so 
muntjac preferred to be close to it. Pellet group densities of both goral and muntjac were 
high in oak forests, Ilyas and Khan (2003) analyzed food quality in Binsar Wildlife 
Sanctuary and found that crude protein values in oak forest were comparatively higher 
thus arguing for the use of oak forest. Small forest ungulates like goral and muntjac 
choose to inhabit and hide in thick cover to avoid predation (Geist 1974, Chapman et al. 
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] 993, McCullough et a!. 2000). Oak forest had maximum tree cover and well developed 
understory. Seeking dense canopy cover by muntjac is an important thermal strategy in 
winter (Mysterud and Ostbye 1995) and provides a means to avoid heat stress during 
summer (Sargeant et al. 1994). Since temperature is an important factor in temperate areas 
like PWA this may explain the preference of muntjac. Similarly goral used dense 
understory as anti-predator strategy. Oak forest had the advantage that it was close to 
agriculture and follow land and also had rocky cliffs liked by goral. Sambar's preference 
for structured forests is already known. Schaller (1967) believed that since sambar has an 
oriental origin, therefore it is adapted to forested habitats. Sambar, which is predominantly 
a browser (Schaller 1967, Mishra 1982), explains its affinity for shrubs. 
Overlap percentages generated through Pianka's Index signify competition between three 
species. All the three species overlap maximum in Oak forest patch above the altitude of 
1600m. Whereas maximum overlap between goral and muntjac and muntjac and sambar 
is on the southern aspects of this forest, that of goral and sambar is highest on northern 
aspect. 
All the three species seem to have restricted themselves to the oak forest. This forest 
patch lies on the southern slope and at present comparatively less disturbed. Shrub cover 
in the range of 40 to 60% and tree cover of 30 to 60% makes it ideal for ungulates to 
prefer it more. Another reason of using it more may be because it is in continuity with 
forest patch beyond study area. In order to avoid direct competition the three have 
evolved a strategy of occupying three different areas within the forest. Sambar is 
occupying the northern aspect and muntjac on the lower side of southern aspect. In 
between goral is occupying the higher elevation of southern aspect represented by 
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nadumka cliff. Competition between two species with considerable overlap in their tree 
and shrub cover may be avoided by showing different preference for food items (Green 
1985). Goral is considered a grazer, a fact well established by Green (1987), Mishra and 
Johnsingh (1996) and Ilyas and Khan (2003) whereas Muntjac is a browser which feeds 
on shrubs and forbs utilizing a diverse range of plant species (Ilyas and Khan 2003). The 
low density of ungulates in western aspect is due to the topographical features as very 
small area falls under this aspect. 
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Table 5.12: Mean pellet density of mammals in PWA 
Species Density/ha 
Indian Muntjac 6M ±0.158 
Goral 4.24 ±0.121 
Sambar 1.009 ± 0.07 
Table 5.13: Mean pellet group densities /ha of three species in different seasons in PWA 
Mammal/Season Winter Summer 
Indian Muntjac JmT±\26i 9^ 34 ± 1.62 
Goral 2.68 ±1.134 3.506 ± 0.959 
Summer 0.670 ±0.471 1.168 ±0.596 
Table 5.14: Mean pellet group densities /ha of muntjac, goral and sambar in different 
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Table 5.15; Principal Component Analysis of animal and random plots of goral in PWA 

























































































































































































Cumulative % 14.97 27.48 37.71 
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Table 5.16: Principal Component Analyses of animal and random plots of muntjac in 
PWA 

























































































































































































Cumulative % 13.28 25.79 37.71 
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Habitat use and overlap of ungulate species in Pathri Rao 
Habitat use and overlap was calculated for four ungulate species viz. sambar {cervus 
unicolor), chital {Axis axis), Nilgai {Boselaphus tmgocamelus) and goral {Naemorhedus 
goral). Other ungulate species found in the area like muntjac and wild boar were not used 
in the analysis since their pellet group evidences were few and did not seem to be 
significantly abundant in the study area. 
Habitat utilization 
Table 5.18 gives the mean pellet group density of ungulates. Among four sympatric 
species mean pellet group density of sambar was highest (53.03 ± 4.26 / ha) followed by 
chital (49.61 ± 5.66), goral (37.28 ± 4.70) and nilgai 26.12 ± 3.76. There was significant 
difference in the mean pellet group densities for sambar (F=l 3.448 P < 0.01) and nilgai (F 
= 5.908 P < 0.016) in different seasons and difference was not found to be significant for 
goral (F = 2.605 P < 0.108) and chital (F = 1.880 P < 0.172). (Table 5.19 gives the mean 
pellet group density of ungulates in different seasons). 
Among seven habitat types, mean pellet density of chital was highest in deciduous forest 
(L). The density in deciduous (M) and deciduous (D) forest was almost similar. Chital was 
the only ungulates present in all the habitats and difference between habitats was 
significant (F = 3.35 P < 0.04). Goral was present in only three habitats. Mean density was 
highest in deciduous forest (D) (57.78 ± 8.07) and closely followed by deciduous forest 
(D) (57.32 ± 24.51) and difference was found to be highly significant (r = 4.499 P < 0.00). 
Table 5.20 shows the pellet group densities of mammals in different habitats. 
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Mean pellet group density of sambar showed affinity with forest cover type. It was highest 
in deciduous forest (D) ( 82.80 ± 18.54), followed by deciduous forest (M) (73.77 ± 6.75) 
and deciduous forest (L) (54.20 ± 7.14) and difference was highly significant (F = 10.17 P 
< 0.00). Nilgai, unlike sambar showed tendency towards flatter areas. Mean pellet group 
density of Nilgai was highest in wasteland (63.69 ± 39.00), agriculture fields (66.46 ± 
15.23). It was absent in deciduous forest (D) and difference was significant (F = 8.041 P < 
0.00). Chital showed positive correlation with shrub height (r = 0.218 P < 0.01) and shrub 
diversity (r=0.284 P<0.01). It showed strong negative correlation with altitude (r = -0.267 
P < 0.01) and slope (r = -0.190 P<0.01). 
Sambar showed positive correlation with shrub diversity (r = 0.397 P < 0.01), shrub 
richness (r = 0.364 P < 0.01) and tree height (r = 0.304 P < 0.01). It showed negative 
correlation with disturbance factors like fire, lopping and cut trees, though relation was not 
significant. 
Nilgai showed negative correlafion with alfitude (r = - 0.361 P < 0.01), grass height (-
0.269 P < 0.01) and tree cover (r = - 0.270 P < 0.01). It preferred dense grass (r = 0.292 P 
< 0.01) and tall trees (r = 0.174 P < 0.05).Ch!tal and nilgai seemed tolerant towards human 
presence whereas, sambar and goral avoided human habitation. 
Goral showed negative correlation with shrub density (r = - 0.156 P < 0.05), shrub cover (r 
= - 0.168 P < 0.05), herb density (r = - 0.136 P < 0.01) and herb cover (r = -0.0156 P < 
0.05). However it showed posifive correlation with grass height (r = 0.408 P < 0.01), grass 
cover (r = 0.293 P < 0.01) but avoided dense grass (r = - 0.178 P < 0.01). sambar (r =0.136 
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P < .05) and goral (r = .498 P < 0.01) showed positive correlation with altitude and slope 
(r - 0.323 P < 0.01), (r = 0.465 P < 0.01), respectively. 
For chital PCA extracted nine factors explaining 75.37% of variance in the habitat 
utilization pattern. The first three factors explained 43.57% of variance. The gradients for 
the first factor were tree density, tree evenness, tree richness, tree height, shrub richness 
and shrub diversity, which were responsible for habitat use. The gradients for second 
factor were altitude, distance from human habitation, slope and grass evenness. Table 5.21 
gives PCA matrix, Figures 5.15 and 5.16 shows the ordination and distribution of animal 
and random plots of chital in PRWA. 
For goral PCA extracted ten factors explaining 78.84% of variance in the habitat 
utilization pattern. The first three factors explained 42.35% of variance. The gradients for 
the first factor were shrub density, shrub cover, shrub height, shrub diversity & shrub 
richness. The gradients for second factor were tree density, shrub richness, shrub diversity 
and shrub evenness. Table 5.22 gives PCA matrix. Figures 5.17 and 5.18 show the 
ordination and distribution of animal and random plots of goral in PRWA.. 
For sambar PCA extracted nine factors explaining 72.70%) of variance in the habitat 
utilization pattern. The first three factors explained 41.22%) of variance. The gradients for 
the first factor were shrub diversity, shrub richness, shrub evenness, shrub density, shrub 
height, shrub cover. The gradients for second factor were tree density, tree cover, tree 
evenness, tree richness and tree diversity. Table 5.23 gives PCA matrix. Figures 5.19 and 
5.20 shows the ordination and distribution of animal and random plots of sambar in 
PRWA. 
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For nilgai PCA extracted eigiit factors explaining 78.67% of variance in the habitat 
utilization pattern. The first three factors explained 54.08% of variance. The gradients for 
the first factor were tree density, tree evenness, tree height, tree cover, shrub cover and 
shrub density. The gradient for second factor were grass evenness, grass diversity, grass 
richness. Table 5.24 gives PCA matrix, Figures 5.21 and 5.22 show the ordination and 
distribution of animal and random plots of nilgai in PRWA. 
Habitat segregation 
Evaluation of DFA structure matrix (Table 5.25) and the relative location of the species 
centroids against the two extracted discriminant functions can be seen to indicate the 
occupancy of goral higher along the gradient, indicated by the discriminant function 1 
(DFl), whereas the occupancy of Chital along the gradient is indicated by the discriminant 
funcfion 2 (DF2). Occupancy of nilgai was low along the gradient indicated by 
discriminant function 1 (DFI) and Goral along the low gradient indicated by DF 2. Chital 
and Sambar occupied the centre with respect to DFl but occupied higher gradient with 
respect to DF2. DFl can be seen as an indicator of a high disturbance because of distance 
to settlements and road, gradient of increasing grass height, tree density and tree cover 
with increasing altitude and slope. It also indicates high grass cover, tree richness, tree 
height and tree diversity coupled with low grazing pressure. DF2 indicates high shrub 
diversity, richness and shrub height coupled with low grass richness. It, however, also 
indicates disturbance due to cattle grazing and tree lopping. DF 3 indicates association of 
higher pellet density of ungulate species with fire and grazing. The location of the chital 
centroids near the central value (between nilgai and goral centroids) indicates overlap of 
the species with the other sympatric ungulates within the area. The location of goral and 
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Nilgai centroids spread over the DFl indicating total isolation between the species. (Figure 
5.23) 
Overlap between species 
Overall niche overlap between the species is given in Table 5.26. The highest overlap was 
between sambar and chital (57.6%) and no overlap was found between nilgai and goral. 
Altitude, aspect, slope and vegetation parameters were found important factors for niche 
overlap analysis of four sympatric ungulate species. Clear segregation of habitat and 
topographic variables in the study site lead to the differential habitat use by the sympatric 
ungulate species. Table 5.27 gives the detailed pairs wise niche overlap among four 
species in different habitat variables. 
Chital and Sambar overlap through the altitudinal range however, the correlation was 
significant for 250 to 400m and 400 to 550 m (r = 0.630 P < 0.00; r = 0.484 P < 0.009). 
Both the species were present in all the aspects, but showed maximum overlap in southern 
aspect (r = 0.666 P < 0.002).Overlap decreased with the increase in the grass cover. 
Similarly, both species showed maximum overlap in dense forest cover though the 
difference was not significant. Unlike tree cover, overlap decreased with the increase in 
the shrub cover. Maximum overlap was in open shrub cover (r = 0.428 P < 0.011). 
Chital and nilgai were the only species which were present out side the National park and 
their maximum overlap occurred in the Plantation (r = 1.00 P < 0.00). Both species 
competed for open shrub cover and less dense grass cover areas and showed maximum 
overlap in shrub less and low grass cover area and pattern was significant (r = 0.601 
P<0.001). However, they avoided tree less area and showed maximum overlap in dense 
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tree cover (r = 0.420 P < 0.011). Since both species negatively correlated with slope and 
altitude therefore their maximum occurred in gentle slope and overlapped significantly 
only in low altitude range (250-400m). In terms of aspect, maximum overlap occurred in 
east and western aspect and nilgai was altogether absent from southern aspect. 
Goral was almost absent from lower and flat areas. As a result maximum overlap between 
goral and chital occurred in high altitudes and medium slope but the correlation was not 
significant. Overlap increased significantly with increase in grass cover. Chital and goral 
showed maximum overlap in shrub free areas and correlation was significant (r = 0.601 P 
< 0.001). Since goral was absent in four habitats therefore overlap existed only in 
deciduous forest and increased with tree cover but the correlation was not significant. 
Sambar is a forest specialist species and nilgai likes open habitats, we did not expect any 
significant overlap between the two species with altitude, slope and aspect. Similarly there 
was no significant overlap with respect to vegetation features and overlap of only 38% 
occurred in deciduous (L) forest. 
Both sambar and goral occupied the higher altitude of the study area. Their overlapping 
pattern increased with altitude though it was significant only in the altitude range of 250-
400m. Except northern aspect, both species overlapped up to 57% in other aspect and the 
relation was significant. Overlap was as high as 93% in medium slope and thereafter it 
decreased due to low presence of sambar in very steep slopes. There was an overlap up to 
50% in high grass and tree cover areas though the relation was not significant. However, 
due to the preference of goral for open areas, overlap was 100% in shrub less areas. As 
• 112 
Chapter 5 Mammals 
expected, overlap was highest in deciduous (D) forest though the relation was not 
significant. 
Discussion 
Coexistence of ecologically similar species in sympatry suggests the occurrence of 
differential use of resources. Separation along any dimension potentially might reduce 
inter-specific competition and promote coexistence. Habitat is a complex resource which 
includes food availability, predation risk, and competitor density. Habitat choice and its 
use is therefore the tradeoff between these factors evaluated by the animal. 
Though Chital is present in all the habitats it preferred flat areas, as its pellet density was 
highest in deciduous forest (L). The results are in agreement with Barrette (1991) and 
Chakraborty (1991). Chital is primarily a grazer (Mishra 1982) however, Hofmann (1985) 
considered chital as an intermediate feeder, feeding on a mixture of browse and grass. 
Bhat and Rawat (1995) found that in Daulkhand area (which is in the vicinity of the study 
area ie PRWA, palatable grass like Chloris spp, Oxalis spp etc remain fresh and green for 
longer duration under partial canopy cover, moreover, Schaller (1967) and Mishra (1982) 
considered chital as species adapted to ecotones. Since, deciduous forest (L) was at the 
interface of dense forest and agricultural fields therefore it may be the reason for carrying 
higher density of chital. Deciduous forest (L) has many Zizyphus spp which are exploited 
by rhesus and langur and chital follows the troops for getting fresh leaves and fallen fruits. 
It is equally important that chital was present in all the habitats including agriculture, and 
wasteland indicates that it also goes for night crop raiding and may prefers deciduous 
forest (L) for the rest of time and activity. 
— j „ 
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Sambar showed positive correlation with forest cover. Its pellet density was highest in 
deciduous forest (D). Its preference for structured forests is already known. Schaller 
(1967) believed that since sambar has an oriental origin therefore it is adopted to forested 
habitats. Sambar which is predominantly a browser (Schaller 1967, Mishra 1982) and its 
affinity for shrubs can be explained on the basis of its feeding habits. 
Nilgai was absent from hills and within flat areas it occupied area just besides boundary 
wall of Protected Area. It seems that Nilgai uses the deciduous forest (L) as a refuge and 
other activities for the day time and go for crop raiding during the night. 
It was expected that overlap between samba, goral and chital and nilgai would be based on 
their similar preference for tree cover and shrub cover and altitude and slope. However, 
chital being more widely distributed and altitudinal variation not much, there was also 
overlap between chital and sambar. 
Despite overlap between sambar and chital across altitude and aspects range, they seem to 
avoid direct competition by adapting to different feeding habits. Johnsingh and Shankar 
(1991) in Mundanthrai Plateau that with the advancement of summer chital shifts to grass 
and sambar to shrub for the fulfillment of their nutritional requirements once herbs either 
dry out or come into flowering phase. 
Sambar and goral both preferred deciduous forest (D) and their maximum overlap 
occurred in this patch. Within these patch goral preferred high grass cover but low shrubs, 
where as sambar showed affinity with dense understory. 
= = = = = = = = j j . 
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The preference for different habitat characteristics ensures that there was no direct 
competition between Nilgai and goral. Nilgai restricted itself to flat area and was most 
abundant in the park periphery. Goral on the other hand was most dominant in higher 
altitude and steep slopes. 
All the species showed high overlap across four aspects, however, within these aspects 
chital, sambar and goral occupied different degrees of aspect. Sambar density was highest 
in north- west, south - east and south-west whereas chital preferred west and eastern 
aspects. Goral exploited north and southern aspects. Since nilgai was more abundant in flat 
areas, it did not show any preference for aspects. 
Water was one of the limiting factors for the habitat use and distribution of mammalian 
species in the study area. All the streams get dry as the season progress from winter 
towards summer. There are two waterholes constructed by forest department and filled 
artificially and only source of water during summer. These have been constructed in the 
flat area in deciduous forest (L). All the ungulate species come to these points to quench 
thirst resulting into higher overlap. During summer when sambar is forced to come to 
water point and chital restricts movement to lower elevation overlap between two occurs 
only in low elevation (250 - 400m) whereas during winter this overlap extends throughout 
altitude range. Similarly overlap between chital and nilgai during summer occurs in this 
altitude whereas both species widespread during winter. In contrast, overlap between goral 
and sambar during winter was highest to occur in altitude above 500m ( r= - 0.359 p = 
0.143) but during summer the limited source of water leads goral to come down resulting 
maximum overlap in middle altitude. 
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Another factor to consider is the altitudinal variation. 500m of elevation is not large 
enough to restrict the distribution of chital, though its density decreased with altitude. 
Nilgai altogether avoided steep slopes. Fifty percent of the area is almost flat and more 
than 80% of it lies outside the National Park. Due to the establishment of housing colony 
and industrial town in the vicinity, there is a great deal of disturbance. Agriculture land is 
being converted continuously into commercial purposes and throughout night, sand is 
quarry out from the Pathri River. The result of all these disturbances, have forced nilgai to 
move back to smaller area of National Park. 
The cropping pattern in the agriculture fields may also be responsible for the overlap 
between chital and nilgai. During winter when wheat and pea are grown chital and nilgai 
show more tendencies to crop raiding. In this season their maximum overlap occurrs 
outside the protected area whereas during summer only nilgai seemed to come out 
frequently resulting into low overlap outside. 
Competition in herbivores can be avoided by reducing overlap either in habitat use. 
Habitat quality and diversity will ensure many species co-existing together and shall 
ensure healthy population of ungulates which is important for maintaining the predator -
prey dynamics. 
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Table 5.18: Mean pellet group densities/hectare of mammalian species in PRWA 
Mammalian Species Pellet Group density/ha 
Chital 49.61 ± 5.66 
Nilgai 26.12 ±3.76 
Sambar 53.03 ± 4.26 
Goral 37.28 ± 4.70 
Indian Muntjac 1.32 ± 0.63 
Wild Boar 1.61 ± 0.72 
Table 5.19: Mean pellet density /hectare of ungulates in different seasons in PRWA 
Mammal/ Season Winter Summer 
3I44T1I94 
20.70 ± 5.53 
45.38 ± 10.75 
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Figure 5.15: Ordination of animal and random plots of chital in PRWA 
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Fig.5.17: Ordination of animal and random plots of goral in PRWA 
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Fig. 5.19: Distribution of animal and random plots of sambar in PRWA 
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Fig. 5.21: Distribution of animal and random plots of nilgai in PRWA 
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Table 5.25: Discriminant Factor Analysis (DFA) Structure Matrix of ungulate species in 
PRWA 
Variable 
Distance to Settlement 


































































































































































* Indicates highest correlation in the group 
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Figure 5.23: Location of group centroids of four sympatric ungulate species on DF matrix 
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Variable Variable Category 
Tree Cover No tree cover 
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CHAPTER 6 HERPETOFAUNA 
Amphibians and Reptiles (Collectively called herps) are two distinct but important classes 
of vertebrates (Zug et al. 2001). Reptiles and amphibians are a major constituent of the 
fauna inhabiting tropical forest. 
Reptiles are highly diverse in their morphology and ecology. They have a wide 
distribution though avoiding extreme environments. Reptiles are cold blooded therefore 
they go for hibernation during winter and aestivation during very hot temperatures. 
Amphibians on the other hand are Poikilothermal vertebrates having smooth or rough 
glandular skin and lacking fur (Daniel 2002). Amphibians have successfully exploited 
humid environments in most areas of the world while remaining closely tied to water or 
moist microhabitats for propagation (Zug et al. 2001). 
Structure and composition of herpetofaunal assemblages have been studied in different 
habitats (Pianka 1973, Ross et al. 2000). Effects of habitat and precipitation (James 1994) 
or cultural impact (Jones 1981) on the structure have also been studied. The most 
commonly studied to describe spatial structure of reptilian community, however is 
vegetation (Pianka 1967). Resource portioning along food, time, temperature, altitude and 
habitat gradient has been well documented (Pianka 1973, Heatwole 1982). Hyer (1967) in 
a study on herpetofauna concluded that although the distribution of some species was 
limited by climatic factors, that of some other correlated with specific microhabitats. The 
precise requirement sof herpetofauna with regards to both terrestrial and freshwater habitat 
are poorly understood (Beebee 1983). Moreover,, unlike birds and mammals, herpetofauna 
has not been studied in detail in India (Vasudevan et al. 2001). 
Chapter 6: Herpetofauna 133 
Amphibian diversity is sensitive to a number of environment characteristics. Species 
composition and richness of tropical and temperate zones change over gradient in 
precipitation (Caughley and Gall 1985, Lee 1993), soil moisture (Friend and Cellier 1990) 
altitude (Fauth et al. 1989), forest type (Crump 1971) and forest structure (Gascon 1991). 
Amphibian sensitivity to environment suggests that they may be negatively affected by 
habitat and landscape alteration (Wake 1991), and forest fragmentation (Malcolm 1994). 
However mechanism of such activities is still unclear. Gans and Rough (1982) argued that 
variation in the physical microenvironment is a strong determinant of the distribution of 
ecto-thermic animals. A combination of microclimatic conditions partially determines 
amphibian distribution and abundance (Rudis 1984). 
The reptilian fauna of India is largely dominated by Indo-Chinese elements. Relics of 
which are found in high rainfall regions of Peninsular and North East India (Daniel 2002). 
About 484 species has been reported from India, 180 species are known to occur in the 
Western Ghats with a high level of endemicity (Ishwar et al. 2001). India apparently 
harbors the most diverse amphibian fauna in the oriental region (Chanda and Gosh 1988) 
Amphibians have high species richness and endemism in India, with two major centers of 
distribution, north-east India and the Western Ghats. Out of the 219 species in India, 
majority of the species occur in the rainforest and almost all the endemism is confined to it 
(Kumar et al. 2001). A recent assessment based on lUCN criteria showed that nearly 57% 
of amphibians in India are 'Threatened' with western ghats having the highest number 
(49) of the threatened species. (Vasudevan 2001). 
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Gibbons et al. (2000) enumerated six causes of global decline in herpetofauna. The causes 
included habitat loss and degradation, introduction of invasive species, environmental 
pollution, disease, unsustainable use and global climatic changes. As these causes are still 
present it is said that herpetofauna is getting lost even before it gets recorded. Most people 
however, have come to recognize the value of both reptiles and amphibians as an integral 
part of natural ecosystems and as heralds of environment quality (Gibbons and Stangel 
1999). 
Despite high endemism, herpetofauna in India has received poor attention. Only few 
studies including Inger et al. (1984), Bhupathy and Kannan (1997) and Kumar et al. 
(2001) have been carried out in India. Even these studies were restricted to rainforests of 
Western Ghats. No such study has been initiated in the shivalik foothills and middle 
Himalayas. The present study was carried with the following Objectives: 
^ To find the status and distribution of reptiles of PRWA and PWA 
*^  To find the status and distribution of amphibians along the streams of the two 
watershed areas. 
^ To find the diversity and richness of the herpetofauna of both the study areas 
6.1: Methodology 
6.1.1: Reptiles 
Reptiles were sampled using the "Adaptive Cluster Sampling" method as described by 
Ishwar et al. (2001). The method is supposed to give better esfimates of the density of 
animals. The basic sampling unit used was 5m x 5m randomly laid quadrates. If a reptile 
was sighted in one of these quadrates (called primary quadrates), additional quadrates 
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(called secondary quadrates) of the same dimensions were searched on the four sides of 
the primary quadrate. There was a gap of one meter between the primary and secondary 
quadrates. If any of these quadrates had animals, further quadrates were laid around them 
until the quadrate with reptile was surrounded by the quadrates without animals. The 
whole network of quadrats with animals then becomes a cluster. If the primary quadrate 
did not have any animal, the sampling was carried out in the next, randomly selected, 
quadrate. In order to minimize the chances of missing animals during search efforts, two 
observers searched the quadrate from opposite sides towards the center. In each quadrate 
data was collected on the species and their number as earlier followed by Ishwar et al. 
(2001). 
In addition to adaptive cluster sampling method, three quadrates of 5m X 1000 m along 
the streams were established. Stream was considered as 'Centre of quadrate' and sampling 
was carried on both sides of the stream simultaneously. Loose rocks, and leaf litter was 
carefully turned and cavities were prodded for reptilian species. In PWA these streams 
were sampled twice during summer. 
In PRWA twenty two plots were established which were monitored in late winter 
(February - March) and summer (May - June). Due to inaccessibility to the sampling plots 
is monsoon no sampling was carried out during monsoon on forest floor. Only stream 
transect sampling was done during this period. Sampling was done during morning hours, 
when the temperature was normal and weather conditions fair. In PWA, 18 permanent 
quadrates were laid and monitored for three seasons, amounting to 56 primary quadrates 
with an addition of 52 secondary quadrates. In PRWA 30 permanent quadrates were laid 
amounting to 276 quadrates (both primary and secondary) in two seasons. 
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6.1.2: Amphibians 
The amphibian community was sampled using the methods described by Vasudevan et al. 
(2001). Amphibians were sampled using a combination of cluster sampling and visual 
encounters. Opportunistic records were also maintained. The adaptive sampling was done 
along stream on the forest floor. Quadrates of 5 m X 1000 m along the streams were 
established. Stream was considered as 'Centre of quadrate' and sampling was carried on 
both sides of the stream simultaneously. Loose rocks, and leaf litter was carefully turned 
and cavities were prodded for amphibian species. 
In Phakot three stream transects of 1000 meters were laid and monitored during summer. 
All the transects were laid on hemal river with a separation of one kilometer between 
them. During monsoon the stream got flooded therefore sampling was abandoned. 
Three seasonal streams namely Father Saut, Chirak, and Hamol pass through the study 
area and were utilized to lay stream transects. In this area sampling was carried out in 
monsoon when there was water, as the streams remain dry for the rest of the year except at 
some places in Hamol where water remains till mid summers. 
6.2: Analysis 
Data was summarized and density was calculated for each species. Shannon-Weiner Index 
(H') was used for measuring diversity, Simpson's index was used for calculating evenness 
and Margalef s diversity index (RI) was used to measure richness of species in different 
transects and in different seasons. 




]n the PWA ten species of reptiles were recorded during tlie study period (appendix VII). 
Overall density for Phakot watershed was 46.26 / hectare. Overall diversity of reptiles was 
0.692, richness was 1.792 and evenness was 0.90. 
Density of reptiles was highest in summer (92 / ha), followed by monsoon (62.4 / ha) 
while it was lowest in winter (28 / ha). Density of reptiles in the stream was 2.67 animals 
per hectare. Diversity, Richness and evenness in all the three stream transects was 0.707, 
2.164 and 0.886 respectively. 
Density of snakes was highest in monsoon (31.2/ha), followed by winter (14.8 / ha) and 
lowest in summer (13.2 / ha). Combined densities of rest of the reptiles during the 
summer, monsoon and winter seasons was 80 / ha, 31.2 / ha and 14.8/ha respectively (Fig. 
6.1). Agamids were most dense (51 / ha) followed by snakes (34 / ha) and Geckos (11/ 
ha). 
Diversity of reptiles was highest in monsoon closely followed by summer. Richness was 
however higher in summer than monsoon. Table 6.1 gives the diversity values of reptiles 
in different seasons in PWA. 
Thirty eight percent of the quadrates were devoid of any species and 44% contained only 
one species. About 80% of the clusters were either empty or contained one individual (Fig. 
6.2). Seven of the clusters had reptilian density between 0 to 1.2 / ha and 8 clusters had 
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density between 0.2 to 0.3 / ha (Fig. 6.3). Similarly, 38% of the clusters consisted of only 
one quadrate whereas, 50% of clusters were single (primary quadrate along with four 
secondary quadrates) and only 11.12% clusters were double (primary quadrate and two 
rows of secondary quadrates) (Fig. 6.4). 
(b) PRWA 
In Pathri Rao, 276 quadrates were sampled in winter and summer. It included 44 primary 
quadrates and 232 secondary quadrates. In winter, 146 quadrates were sampled while in 
summer 130 quadrates were samples. In total 12 different species were identified. 
Diversity was 0.825, richness was 2.378 and evenness was 0.885. Overall density of 
reptiles in PRWA was 86.9 / ha. Density of reptiles in winter was 25 / ha and density 
during summer was higher 148 / ha. 
During winter 55 individuals belonging to 9 species were recorded while during summer 
48 individuals belonging to 10 species were recorded. In total 10 species were recorded 
from Pathri Rao (Appendix VIII). 
Seven quadrates during winter and 3 quadrates during summer were devoid of any 
reptilian species. Overall, clusters with single species were highest (31.82%) followed by 
cluster with 3 species (27.28%) (Fig. 6.5) 
Single species quadrates were highest in summer (45%) in comparison to winter (18%). 
During winter no cluster was seen with 4 or more species. Twenty seven percent clusters 
in both the seasons were having three species (Fig. 6.6). 
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Figure 6.7 shows the percentage of cluster with number of individuals. During winter 45% 
cluster contained one to three individuals and during summer this figure was 54.55%. 
Clusters with 7 - 9 individuals were lowest (4.5%) in both the seasons. Overall, clusters 
with 1 to 3 individuals were dominant (Fig.6.8). 
Density of agamids was highest in winter (54.4 / ha) followed by Skinks (40.81 / ha). 
However density of skinks was highest in summer (55.81 / ha) followed by agamids 
(27.90 / ha) (Fig. 6.9). Among reptilian species calotes were highly abundant in winter 
(48.97 / ha) and snake skink was highest in summer (40.31 / ha). Density of Indian 
monitor lizard showed 6 fold increase in density from winter (2.72 / ha) to 15.52 / ha in 
summer. Snake density which included rat snake, buffstriped keelback was highest in 
summer (9.30 / ha) (Fig. 6.10). 
In terms of density per quadrate, 17 quadrates showed density between 0.03 to 0.06 
reptiles / quadrate. Only 8 quadrates had reptilian density of more than 0.09 /quadrate (Fig. 
6.11). 
In terms of network of cluster 25% quadrates were single where as 54,55% was 
constituted by single cluster consisting of primary quadrate with four surrounding 
secondary quadrates. Only 4.55% cluster consisted of three or more cluster networks (Fig. 
6.12). 
Correlation of reptile density with habitat variables show positive correlation with slope (r 
= 0.211 P < 0.05) and litter cover (r = 0.269 P < 0.01) and negatively correlated with 
moisture though the relation was not significant. 
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During monsoon three stream transects were sampled in which seven species were 
encountered. It included Soft shell turtle, Kashmir Agama, Indian monitor lizard. Father 
saut had highest reptilian density of 5/ha, followed by chirak and Hamol (2 reptiles/ha) 
each. Chirak rao was richer (1.443) and more diverse (0.452) than Father saut. (Fig. 6.13). 
Hamol saut had highest richness closely followed by Father saut. In terms of dversity. 
However, chirak rao was more diverse. Figure 6.14 shows the diversity, richness and 
evenness in three streams in FRWA. Reptilian diversity was higher in summer (0.892) 
than winter (0.724). Richness too showed the similar pattern (Table 6.2). 
Comparison between the two sites show that FRWA is more dense, richer and diverse than 
PWA (Figs. 6.15 and 6.16). Jacard's measure forsimilarity index gives the value of 0.125. 
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Table 6.1: Diversity, richness and evenness of reptiles in PWA during three seasons 













Table 6.2: Diversity, richness and evenness of reptiles in two seasons in PRWA 
Index Winter Summer 
Diversity 0724 ol92 
Ricliness 2.207 2.378 
Evenness 0.843 0.941 







Summer Monsoon Winter 
Snakes H Other reptiles 
Figure 6.1: Density of snakes and other reptiles during three seasons in PWA 
nospeaes 1 species 2 species 
Bspecies nindividuals 
3 species 
Figure 6.2: Percentage of quadrates with number of species and species number of 
reptiles in PWA 
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6.3.2: Amphibian 
Four species were recorded in PWA and nine species in PRWA (Appendix IX &X gives 
the checlclist of amphibians recorded in PWA and PRWA respectively). Four species that 
were recorded in Phakot were also present in Pathri Rao. In total nine species were 
recorded during the present study. 
Overall diversity of amphibians in PWA was 0.476, Richness was 0.779 and Evenness 
was 0.829. Diversity and richness was highest in Garsera transect followed by Lamyali 
Transect. 
On Bagodi transect (Transect 1) 6 individuals of two species were encountered with 
density of 6 / ha. On Garsera transect (Transect 2) 14 individuals of 4 species were 
encountered with density of 14/ha. On Lamyali transect (Transect 3) 27 individuals of 3 
species were encountered with density of 27 / ha. The total density of the Hemal stream 
was 15.667/ ha. Diversity indices are of three transects are given in fig. 6.18. 
In PRWA density of amphibian was 22.6 / ha. In Pather Saut density was 7 /ha. Density in 
the Chirak and Harnol was 0.5 and 52.75/ha respectively. Overall Density of Scittering 
frog was found highest in Pather saut (3 / ha) and Harnol (6.25 / ha). Table 6.3 enumerates 
the densities of amphibians in PRWA. 
A total of 8 species with 226 individuals were encountered in Harnol stream followed by 
Pather Saut (2) and only one species was encountered in Chirak Rao. Harnol was found to 
be most diverse and rich as compared to other streams. Diversity, richness and evenness of 
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the Father Saut and Hamol transects as represented in Fig. 6.19. The overall Diversity of 
PRWA was 0.574. Its Richness was 1.291 and Evenness was 0.716. 
There was weak correlation of amphibian density with different microhabitat features. 
Density was positive with all the factors except canopy cover and fallen logs. The relation 
was significant with respect to slope (r = 0.366 P < 0.05) and litter depth (r = 0.486 P < 
0.01).Table 6.4 enumerates the correlation values for both the sites. 
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Table 6.3: Amphibian density in PRWA 
Name of the amphibian species Density/ha 
Skittering Frog 5.34 
Indian Cricket Frog 0.70 
Himalayan Torrent Frog 1.58 
Indian Bull Frog 1.25 
Ornate Microhylid 0.166 
Jerdon's Bull frog 0.20 
Himalayan Bull frog 0.125 
Common Indian Frog 0.041 
Table 6.4: Correlation of amphibian density with microhabitat factor in PWA and PRWA 
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6.4: Discussion 
6.4.1: Reptiles 
Species in reptile assemblages are not randomly distributed in space either horizontal or 
vertically, but occupy discrete microhabitats (Heatwole 1982). There were some 
differences in abundance among the major taxa, with agamids more abundant than snakes 
and skinks. Together with skinks, agamids form dominant taxa in Pathri Rao. Snakes were 
more abundant in PWA in comparision to Pathri Rao, but contributed a small portion of 
forest floor reptiles in both the sites. Low abundance of snakes could be due to their 
mobile nature and thus, escape detection during sampling. 
Reptiles showed positive correlation with leaf litter. This was particularly demonstrated by 
skinks and agamids. There was also preference for certain structural diversity in the 
ground vegetation characters. This association of gecko and skinks has already been 
shown by Heatwole (1977) and Kumar et al. (2001). Agamids which were dominated by 
calotes preferred more rocky and open canopy than skinks. The specific habitat features 
are essential for leaf litter reptiles as they can meet the conflicting demands of 
thermoregulation, predator avoidance and participation in other activities (Lima and Dill 
1990). It might also be possible that cool and humid environment below litter provide 
good microclimatic conditions for arthropods, which is a major prey base for the forest 
floor reptiles. This fact was also observed by (Kumar et al. 2001) in KMTR. Since snakes 
are predatory in nature, therefore their local distribution might be influenced by 
distribution of their prey abundance. 
In PWA density of reptiles was highest in summer as compared to monsoon which seems 
contrary to general notion. However the high density is due to high density of non snake 
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reptiles including geckos, agamids etc. as compared to their density during monsoon. It 
might be due to fact that snakes go for aestivation during summer. 
The overall reptilian density in the whole study area was 66.45 / ha. This was much lower 
than 154 / ha recorded by Inger (1980) in Panama and 108 / ha by Kumar et al. (2001) in 
KMTR in Western Ghats. The obvious reason seems that both the above studies were 
conducted in tropical rainforests whereas, this study was conducted in sub-tropical areas of 
Shivalik and middle Himalayas. 
Change in reptilian abundance along altitudinal gradient has been documented earlier 
(Fauth et al. 1989, Bhupathy and Kannan 1997). The results in Phakot showed decline of 
density with altitude. Porter (1972) believed that it might be primary due to decline in 
temperature. It seems logical since, reptiles are ectothermic, temperature plays important 
role in their ecology. Kumar et al (2001) reported 54 species from KMTR and Inger et al. 
(1984) reported 33 species. In this study 10 species were recorded. The study area was 
small, it is possible that these areas might contain many more species. 
6.4.2: Amphibians 
Amphibians are soft skin and sensitive to temperature and precipitation. The higher 
density of amphibian in Hamol saut could be explained based on the fact that water 
remains In this stream for longer duration (late winter) and far greater width of the stream 
than other two streams. Hemal stream in PWA is perennial therefore amphibians in 
general like water but seem to avoid deep water. Amphibians also tend to avoid fast 
flowing water. Density was highest in Garsera, followed by Lamyali. The stream was wide 
at Lamyali and trifurcated at Garsera as a result slowing the flow and creating stagnant 
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pools for species like Scittering frog to flourish. Low density in Bagodi may be due to fast 
flow of water. Here stream is only few meters wide and stream flows from an elevation of 
669 meters to 607 meters. Hecnar and M'closkey (1998) also found negative correlation 
between amphibian density and deep water. Amphibians in both the areas show positive 
correlation with litter cover and litter depth. Corn (1994) noted positive association of 
Enstaina (an amphibian) with litter depth and grass cover. Litter depth may provide a 
wider range of microhabitat, allowing more individuals and species to coexist in the litter 
microhabitat (Fauth et al. 1989) or provide refuge from predation (Liberman 1986). 
Liberman and Dock (1982) argued that litter may sustain large arthropod prey population. 
Block and Morrison (1998) believed that litter depth is an important factor in habitat 
selection in amphibians and reptiles. 
Comparison between two sites shows that reptilian density is higher in PRWA. Diversity 
and richness values are also higher for PRWA as compared to PWA. However Evenness is 
almost equal. About 50% of the Pathri Rao area falls within the boundaries of Rajaji 
National Park. There is almost negligible disturbance inside the Park whereas Phakot is 
highly disturbed. It therefore seems probable that density and diversity values are high in 
Pathri Rao. Density of amphibians in Pathri Rao was higher than in Phakot Watershed 
Areas. Similarly Diversity, Richness and Evenness was higher in Pathri Rao. It is 
therefore, imperative from the above results that PRWA is more diverse and richer with 
respect to reptiles and amphibians than PWA. 
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Figure 6.5: Percentage of cluster with different species of reptiles in PRWA 
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Figure 6.6: Percentage of clusters with different number of species of reptiles in winter 
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Figure 6.7: Percentage of clusters with total number of reptiles in winter and summer in 
PRWA 
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Figure 6.8: Percentage of clusters with number of reptiles in PRWA 
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Figure 6.9: Densities (per hectare) of reptiles in winter and summer in PRWA 
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Figure 6.12: Percentage of network of clusters of reptiles in PRWA 
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Figure 6.13: Density (per hectare) of reptiles in tliree streams in PRWA 
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Figure 6.14: Diversity, Richness and Evenness of reptiles in tliree streams of PRWA. 
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Figure 6.16: Comparison of diversity, Richness and Evenness) of Reptiles in Pathri Rao 
and Phakot Watershed Areas 









600 to 1000m 1 0 0 0 t o l 2 0 0 i n 1 2 0 0 t o 1,500m ISOOtolSOOni >1800m 









1 1 1 1 
;Hg5 
•I' '' '"' ' 
Bagodi Trans Garsera Trans Lamgoan Trans 
D Dversity Q Richness B Evenness 









Diversity Evenness Richness 
B Rather saut B Harnol roa 
Figure 6.19: Diversity, richness and evenness of amphibians in PRWA 
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CHAPTER 7 
GEO-SPATIAL TECHNIQUES FOR DOCUMENTING DIVERSITY PATTERNS 
Biodiversity conservation nowadays relies on statistically valid, multivariate, spatially 
unambiguous models in all research areas which require some ecological realism and 
forms the back bone for the overall biodiversity conservation. This includes population 
viability analysis (Akcakaya et al. (1995), Akcakaya and Atwood (1997), Rolof and 
Haufler (1997) biodiversity-loss risk assessment (Akcakaya and Raphael (1998) landscape 
management for endangered species Livingston et al. (1990), Sanchez and Calvo (1999) 
ecosystem restoration (Mladenoff et al. 1997) alien-invaders expansions (Higgins et al. 
1999) habitat suitability models from presence only data (Hirzel et al 2001; Habib 2007) 
and habitat suitability models from presence-absence data (Kushwaha et al. (2004) and 
Habib (2006). Such studies often conjugate the power of Geographic Information System 
(GIS) with multivariate statistical tools to formalize the link between the species and their 
habitat, in particular to quantify the parameters of habitat-suitability models. Most 
frequently used multivariate analysis includes logistic regression, gaussian logistic 
regression, discriminant analysis, mahalanobis distances and artificial neural networks. All 
these methods share largely similar principles. 
The basic principles behind all the models are: 1) The study area is modeled as a raster 
map composed of A^  adjacent isometric cells. 2) The dependent variable is in the form of 
presence / absence data of the focal species in a set of sampled locations. 3) Habitat 
variables describe quantitatively some characteristics for each cell. These may express 
topographical features (e.g., altitude, slope, aspect), ecological data (e.g., forest type, 
forest density, presence of particular ungulate species), or human superstructures (e.g., 
distance to the nearest town, road density, nearest water source). 4) A function of the 
habitat variables is then calibrated so as to classify the cells as correctly as possible as 
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suitable or unsuitable for the species. The details of the function and of its calibration 
depend on the analysis. Sampling the presence/absence data is a crucial part of the 
process. The sample must be unbiased to be representative of the whole population. 
Absence data in particular are often difficult to obtain accurately. A given location may be 
classified in the "absence" set because (1) the species could not be detected even though 
it was present (McArdle (1990) and Solow (1993) for example ke'ry (2000) found that 34 
unsuccessful visits were needed before one can assume with 95% confidence that the 
snake Coronella austriaca was absent from a given site), (2) for historical reasons the 
species is absent even though the habitat is suitable, or (3) the habitat is truly unsuitable 
for the species. Only the last cause is relevant for predictions, but "false absences" or 
"pseudo-absence" may considerably bias analyses. This holds true especially for smaller 
areas. In smaller areas like sub-watersheds the true absence of the species is hardly a rule 
to follow. The absence of the species from the particular cell is truly a case of pseudo 
absence or because of low density of species or avoidance of the particular cell in the face 
of competition to co-exist with other species. 
7.2: Habitat Evaluation Procedures 
Technologies integrating satellite imagery, analytical photogrammetry and GIS offer new 
possibilities especially for the general interpretation and mapping. The use of remote 
sensing is a quicker way to generate habitat suitability maps 
Habitat evaluation based on ecological science has been well researched in USA. 
Especially in connection with the environmental impact assessments, where aim has been 
to ensure that appropriate consideration has been given to wildlife in decision-making 
process. Habitat Evaluation Procedures (HEP) can be used to document the quality and the 
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quantity of available habitat for selected wildlife species. The procedures provide 
information for two general types of habitat comparisons. The relative value of different 
areas at the same point in time and the relative value of the same area at future points in 
time. By combining the two types of comparisons, the impact of proposed or anticipated 
land and water use changes on wild life habitat can be quantified. At the same time, there 
has been considerable pressure on the use of standardized procedures for habitat 
evaluation both for cost effective reasons and the ease of communication of data both 
between and with in organizations and professionals. This pressure of standardization of 
inventories and evaluations was one of the reasons why the Habitat Evaluation Procedures 
(HEP) were developed (initially by the US Fish and Wildlife Services 1980). First 
developed in 1976 HEP has since been modified after detailed assessment and there are 
now many descriptions of HEP models. Habitat Evaluation Procedures were established to 
provide a standardized process for modeling wildlife habitat. These models incorporate 
basic seasonal life requisites (i.e., food and cover). Using this modeling approach, habitats 
are assigned relative values depending on how well they provide the requisites. Life 
requisite values are then combined to obtain a Habitat Suitability Index (HSI) for a 
specified area (Donovan et al. 1987). 
Key of any HEP is to evaluate an area on the basis of the sustainability of key habitat 
factors for the certain species. That is with detailed ecological information about a species; 
the characteristics of the habitat can be evaluated (using numerical rating schemes) on the 
basis of key factors. The basic steps for the HEP are follows: 
1. The area being evaluated is divided into stands with relatively homogenous cover 
types (e.g., evergreen forest, deciduous forest, secondary forest, shifting cultivation, 
fallow land etc.) using remote sensing on the ground-based methods. 
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2. A species is selected and its sensitivity to habitat types and requirements is 
investigated. 
3. Habitat suitability index is calculated for each species stand wise in the evaluation 
area using ecological parameters such as extent of canopy cover, successional stage 
etc. The HSI is defined as the value between 0 -1 with later being best quality of 
habitat in a defined area. The final aggregate value is an indication of carrying 
capacity of the area for that particular species. 
For habitat evaluation of any wildlife species one should have all round knowledge and 
information about the behavior, food habits, mating season, taxonomy and the position of 
trophic niche. 
7.3: Materials and methods 
The study was carried in three phases. The first was the collection of the data on the 
presence-absence of four sympatric ungulate species in the Watershed area. The sampling 
involved the extensive sampling of the presence-absence of the species along with 
different factors which govern the presence-absence along the three dimensional niche 
hyper-space. During the second phase GIS database was created and field data was 
analyzed using different statistical techniques. Niche overlap analysis was carried based 
on presence-absence of species along different altitudinal gradients, aspect and slope 
categories and along different habitat categories. During the final phase of analysis 
geospatial modelling was carried to generate habitat suitability maps for the sympatric 
ungulate species. 
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Field Sampling for Presence-Absence 
Sampling the presence/absence data is a crucial part of the process. The sample must be 
unbiased to be representative of the whole population. Intensive field work was carried for 
two years (from Feb. 2005 to Jan. 2007) to analyze the habitat use pattern of four 
sympatric ungulate species and their isolation on ecological niche axis. Presence of pellet 
group was taken as indirect evidence of habitat use by the species. 125 permanent circular 
plots of 10 m radius were established in different habitats. All plots were laid in stratified 
random fashion using Land Use Land Cover (LULC) map at a scale of 1:12500. The 
pellets of different species were distinguished from each other by their size, shape and 
color. After each sampling the plot were cleaned and pellets were allowed to accumulate 
for the next season. 
The density, diversity and richness of the tree species were assessed using the same 10 m 
radius circular plots. The canopy cover was measured using a gridded mirror of 25 cm X 
25 cm in four different directions inside the circular plot. Shrub richness and height were 
measured from a 3 m radius circular plot. Shrub cover was quantified in five equal density 
classes Of 0-20%, 20-40%, 40-60%, 60-80% and 80-100%. The grass and herbs were 
quantified from four plots of 50 cm X 50 cm quadrate at four different locations inside the 
circular plot. For the assessment of ground cover, a tape was laid on the ground in four 
directions and intercepting features of ground cover such as herbs, grasses, shrubs, litter, 
rock outcrops were recorded. At each sample plot, location, slope, aspect, elevation, 
evidence of fire, number of cut or lopped trees and cattle dung was also recorded. 
Variation of all the variables with respect to habitat use pattern was checked by seasonal 
sampling of the plots. Sample plots once sampled were cleared for the accumulation of 
dung and pellet groups for the next season. The number of pellet groups for each species 
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in each plot was used to calculate pellet group density per ha. Data in each sampling plot 
was put in data matrix sheet in presence-absence format to estimate the percent overlap of 
different species in different habitat categories and topographic feature such as altitude, 
slope and aspect. Two sets of field data was made: one se was used to derive the habitat 
use and niche overlap information through statistical analysis and other set for mapping 
accuracy and model sensitivity determination. 
Database creation 
The standard IKONOS false color composite (1 meter resolution) was used to prepare the 
habitat and canopy density maps through on-screen visual interpretation. Four canopy 
density classes, viz. <I0% (non-forest), 10-^0% (open), 40-70% (medium dense) and 
>70% (dense) could be interpreted from remotely sensed data. Image elements like tone, 
texture, shape, size, shadow, location and association were used for this purpose. Forest 
type and density maps were evaluated for classification accuracy using second set of field 
data. The slope, aspect and elevation maps were generated from topographic maps from 
contours provided by SOI using ArcView. Disturbance features, viz. roads and settlements 
were also taken from topographic maps. Continuous surfaces of distances from water 
bodies and settlements were generated for proximity analysis. All the input map layers 
were co-registered with sub-pixel accuracy. 
Geostatistical A nalysis 
The filed data was analyzed using multivariate statistical techniques namely Principal 
Component Analysis (PCA) and Discriminant Function Analysis (DFA) to understand the 
habitat use pattern by the sympatric ungulate species. Pianka's index was used to estimate 
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percent overlap along the hyper-volume niche axis within the four sympatric ungulate 
species. 
PCA: All cases were first filtered on the basis of the sighting of individual species and the 
PCA was run on the dataset. 40 variables were used to see the variation (49.10%, 4 
factors: Sambar, 48.90%, 4 factors: Nilgai, 49.04%, 4 factors: Chital, and 48.26%, 4 
factors: Goral) and were analyzed in conjunction with DFA to arrive at patterns of habitat 
differentiation and preference by four sympatric ungulate species. 
DFA: Discriminant function analysis was used to investigate the habitat differentiation by 
the species. Based on variables the relative location of the group centroids (Figure I) for 
case variables was plotted against the derived discriminant functions to conclude the 
habitat segregation or exclusive habitat usage between the four sympatric ungulate 
species. All the habitat variables including the topographic features were entered into the 
analysis to extract differentiation between the response of the DFA to various measured 
habitat and topographic variables. The DFA resulted in the correct classification of 50.1%) 
of the cases and showed canonical correlation coefficients of 0.716, 0.435 and 0.529 for 
first, second and third canonical discriminant functions respectively. The significance 
level obtained for the first canonical discriminant function was highly significant (P = 
0.000) where as the significance levels obtained for the second and third canonical 
discriminant functions were not impressive as there was a difference of 42 and 82 between 
the number of variables included and the number of valid cases for canonical discriminant 
functions 2 and 3 respectively. 
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Habitat Suitability Modelling 
Indexed overlay form of modelling (Bonham-Carter 1994) was adopted to perform 
analysis in a GIS environment. In this kind of model the significance of the habitat factors 
or components used in the analysis are known before overlaying. This is known as the 
significance value. This value for any component used in modelling can be between 0.0 
(Unsuitable) and I.O (optimal). In the equations used for HSI, determining weights in the 
relative importance or weightage of each parameter for the end objective is a problem that 
requires human judgment as well as supplement by the knowledge about the animal. 
Errors at this stage can put to question the validity of the results of the whole exercise, 
thus caution needs to be exercised at this stage of the analysis. 
The equation thus is: 
CI1+CI2 + CI3 + = HSI 
Where CI is the Component Index of the different layers used in the analysis 
Each component index is a derivative of the Suitability Indexes (four for each component) 
which have been ranked from 1 to 4 according to suitability with the highest suitable 
having the highest value e.g. 
CIl = (SlI + SI 2 + SI 3 + SI 4) 
Individual cases of animals sighting for each species were considered as Boolean and a 
binomial multiple logistic regression was run. Overall classification accuracy of 89.37%, 
74.21%, 78.63% and 96.43% were obtained at 0.4 probability cut-off for Samar (Df = 120, 
R^: 0.798 (Nagelkerke pseudo R% Nilgai (Df = 112, R^: 0.653), Chital (Df = 116, R^: 
0.732) and Goral (Df = 123, R^: 0.896) respectively. The coefficients thus obtained were 
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then used for subsequent raster analysis to obtain absolute habitat occupancy map. Results 
were log transformed for mapping absolute habitat occupancy. For obtaining the habitat 
preference the output was rescaled to a range of 1 - 10 and was subjected to exponential 
transformation to produce the most conservative estimate possible. The transformed output 
was then sliced into not suitable, moderately suitable, suitable and highly suitable 
categories. The models derived for the four sympatric ungulate species were: 
Sambar: HSI = {exp(l8.3243* ALTITUDE + 54.234* FT - 0.0234* DISTW + 0.0082* 
DISTHH + ASPECT* (Coeff.) + SLOPE* (Coeff.) -^8.4612)/(1 + (exp(18.3243* 
ALTITUDE + 54.234* FT - 0.00234* DISTW + 0.0082* DISTHH + ASPECT* (Coeff.) 
+ SLOPE* (Coeff.) - 68.4612))} 
Nilgai: HSI = {exp(0.0045* ALTITUDE + 22.615* FT + 12.287* DISTW + 35.897* 
DISTHH + ASPECT* (Coeff.) + SLOPE* (Coeff) - 732.78)/(l + exp(0.0045* 
ALTITUDE + 22.615* FT + 12.287* DISTW + 35.897* DISTHH + ASPECT* (Coeff.) -
SLOPE* (Coeff.)-732.78))} 
Chital: HSI = {exp(12.5673* ALTITUDE + 35.698* FT - 0.0135* DISTW + 0.0016* 
DISTHH + ASPECT* (Coeff.) + SLOPE* (Coeff.) + 89.63)/(l + exp(l2.5673* 
ALTITUDE + 35.698* FT - 0.0135* DISTW + 0.0016* DISTHH + ASPECT* (Coeff.) -
SLOPE* (Coeff.) + 89.63))} 
Goral: HSI = {exp(23.674* ALTITUDE + 34.869* FT - 4.789* DISTW - 12.879* 
DISTHH + ASPECT* (Coeff) + SLOPE* (Coeff) + 23.961)/(1 + (exp(23.674* 
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ALTITUDE + 34.869* FT - 4.789* DISTW - 12.879* DISTHH + ASPECT* (Coeff.) + 
SLOPE* (Coeff.) +23.961))} 
7.4: Spatial Modeling 
Four key ungulate species namely Sambar, Nilgai, Chital and Goral were taken into 
consideration to generate the habitat suitability maps for PRWA. The overall study area is 
44 sq. km. The area occupied by different landuse/landcover categories is given in Table 
7.1. PWA is 17.79 sq. km. The area occupied by different landuse / landcover categories is 
given in Table 7.2. 
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Land use Category 
Dry Deciduous < 10% 
Dry Deciduous 10-40% 
Dry Deciduous 40 - 70 % 




Mango Plantations (Dense) 
Mango Plantations (Open) 
Wasteland witli Scrub 
Wasteland without Scrub 
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Land use Category 
Dense Evergreen Forest > 70 % 
Dense Evergreen Forest 40 - 70 % 
Dense Scrub Forest > 40 % 
Open Scrub Forest 10-40 % 
Loose Scrub Forest < 10 % 
Open Evergreen Forest < 10 % 






Double Cropped (Kharif + Zaid) 
Double Cropped (Rabi + Kharif) 
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Each animal requires specific habitat conditions and creates a niche for its survival and 
existence in time and space. Large animals by virtue of their body size and large home 
range are more prone to decline as a consequence of fragmentation of their habitat as 
compared to other smaller animals such as birds and insects. Moreover, there survival is 
facing problem because of competition for forage with increasing livestock populations. 
The survival of species depends on the presence of the adequate resources in the study 
area. Forest density, which is one of the important factors for survival of these species, 
varies with respect to environmental gradients in the study area. Only 3.02 sq. km. of area, 
which comprises 6.86% of total study area can be classified as highly dense forest 
(Density> 70%) followed by 16.48 sq. km. Comprising 37.45%), which is having density 
varying between 40 -70 %. Table 7.3 gives details of area under different density classes 
for Pathri Rao and Phakot watershed areas. 
The area under settlements is 0.77 sq. km., which comprises 1.75% of the total study area 
in Pathari Rao. The area near the settlement (up to 1 km) is practically unsuitable for all 
the species as they are shy in nature. The disturbance due to settlements have more impact 
on Barking Deer than that of Sambar as confirmed by Prater (1980), the animal is 
extremely shy in nature similarly for Goral as compared to Chital. Also the area near the 
settlement is devoid of the palatable fodder and also happens to be zone of maximum 
human disturbance. 
The database of eight maps was used to generate the habitat suitability map. Map was 
given weightages according to its priority for the particular species. The priorities were 
given to each map according to the PCA done on different variable. 
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40 - 70 % 
> 70 % 
Pathri Rao Phakot 
Area % of Area Area % of Area 
22sq.km 50 8.93 sq. km 50.20 
2.5sq.km 5.68 2.72 sq. km 15.29 
16.48 sq. km 37.45 3.59 sq. km 20.18 
3.02 sq. km 6.86 2.55 sq. km 14.33 
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The PCA has extracted the most important component, which have maximum impact on 
the habitat utilization pattern of all the five ungulate species selected for modeling. For 
each species eight input maps where put in modeling with particular weightages. The basic 
maps used to reclassify the maps as per the requirements for the particular mammal 
species are shown in figures 7.2, 7.3, 7.4, 7.5, 7.6, 7.7, 7.8, 7.9, 7.10, 7.11, 7.12, 7.13 and 
7.14 respectively. 
Figures 7.2 Landuse/Landcover map of PRWA, 7.3 Landuse map of PWA Figure 7.4 
Classified landuse/ landcover map used for habitat suitability modeling. Figure 7.5 
Classified forest density map. Figure 7.6, 7.7 and 7.8 Aspect, slope and Elevation maps of 
PRWA. Figures 7.9, 7.10 and 7.11 shows buffers to drainage, settlements and roads/trails 
created in GIS for habitat suitability analysis of various ungulate species. 7.12, 7.13 and 
7.14 drainage, settlement and road maps of the PWA. 
The derived habitat suitability maps of all the five ungulate species were having various 
categories from 8 to 12 classes. Final Habitat Suitability maps where generated by 
reclassifying these maps into four categories as Unsuitable, Moderately Suitable, Suitable 
and Highly Suitable Area under each suitability class was derived. The Habitat Suitability 
maps of Sambar, Chital, Nilgai and Goral are shown in Figures 7.15, 7.16, 7.17, 7.18 and 
7.19 respectively. A study of the factor loadings of all variables on the components 
showed the following: 
The Principal Component 1 for sambar (Var. 24.08%) indicated an affinity towards tree 
diversity, shrub height, grass cover and grass density; Component 2 (Var. 11.22%) showed 
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high loadings on herb richness, grass height, herb density and shrub diversity; Component 
3 (Var. 7.34%) showed a preference for herb density and negative to shrub density and 
shrub cover. The Principal Component 1 for nilgai (Var. 23.08%) indicated an affinity 
towards tree density, tree diversity grass diversity and cover and showed negative to 
altitude; Component 2 (Var. 11.81%) shows a preference towards regions with grass 
diversity and negative to slope; Component 3 (Var. 7.35%) indicates a gradient of high 
herb diversity and density coupled with decreasing shrub density and shrub height. The 
Principal Component 1 for chital (Var. 22.49%) indicated an affinity towards tree 
diversity, grass diversity, tree density, shrub diversity and grass density; Component 2 
(Var. 11.74%) shows a preference towards regions with shrub and herb density and 
negative to slope; Component 3 (Var. 7.34%) indicates a gradient of high herb diversity 
and density coupled with decreasing shrub density and shrub height. The Principal 
Component 1 for goral (Var. 22.37%) indicated an affinity towards tree height, tree 
density grass diversity and grass cover; Component 2 (Var. 11.74%)) shows a preference 
towards regions with herb density, herb richness, shrub cover and shrub height; 
Component 3 (Var. 7.34%) indicates a gradient of high herb cover, density and diversity 
coupled with decreasing shrub density, shrub cover and shrub height. Total variance 
explained for different components on the four sympatric ungulate species is given in 
table7.4. 
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The analysis indicated that chital preferred diverse habitat in terms of tree diversity, grass 
and shrub diversity. It also preferred dense tree cover coupled with high grass diversity but 
avoided dense canopy occurring over steep slopes. Sambar on the other hand preferred 
structured forest having high tree diversity and density. It also showed liking for shrub 
diversity and height. Occupied areas remote from the human habitation. Nilgai preferred 
more open and flat areas showed preference for tree and grass diversity, a cause governed 
by tree lopping. Goral showed positive response to altitude. It liked areas with high tree 
cover, grass and shrub diversity. Showed high preference for areas with rocky cliffs. 
Evaluation of DFA structure matrix (Table 7.5) and the relative location of the species 
centroids against the two extracted discriminant functions can be seen to indicate the 
occupancy of goral higher along the gradient, indicated by the discriminant function 1 
(DFl), whereas the occupancy of Chital along the gradient is indicated by the discriminant 
function 2 (DF2). Occupancy of Nilgai low along the gradient indicated by discriminant 
function 1 (DFl) and Goral along the low gradient indicated by DF 2. Chital and Sambar 
occupied the centre with respect to DFl but occupied higher gradient with respect to DF2. 
DFl can be seen as an indicator of a high disturbance because of distance to settlements 
and road, gradient of increasing grass height, tree density and tree cover with increasing 
altitude and slope. It also indicates high grass cover, tree richness, tree height and tree 
diversity coupled with low grazing pressure. DF2 indicates high shrub diversity, richness 
and shrub height coupled with low grass richness. It, however, also indicates disturbance 
due to cattle grazing and tree lopping. The location of the chital centroids near the central 
value (between nilgai and goral centroids) indicates overlap of the species with the other 
sympatric ungulates within the area. The location of goral centroid and Nilgai centroid 
spread over the DFl indicates total isolation between the species. (Figure 7.19) 
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For Sambar a total 0.21 sq. km. was found to be highly suitable, 11.45 sq. km as suitable, 
18.38 sq. km. as moderately suitable and 13.96 sq. km. unsuitable comprising 0.48%, 
26.02%, 41.77% and 31.73%) of the total study area respectively (Table 7.6). 
For Barking Deer a total 0.11 sq. km. was found to be highly suitable, 18.44 sq. km as 
suitable, 13.13 sq. km. as moderately suitable and 12.32 sq. km. unsuitable comprising 
0.25%, 41.91 %, 29.84% and 28% of the total study area respectively (Table 7.7). 
For Chital a total 0.62 sq. km. was found to be highly suitable, 7.19 sq. km as suitable, 
24.11 sq. km. as moderately suitable and 12.08 sq. km. unsuitable comprising 1.41%), 
16.34%, 54.80% and 27.45% of the total study area respectively (Table 7.8). 
For Goral a total 2.84 sq. km. was found to be highly suitable, 12.79 sq. km as suitable, 
10.49 sq. km. as moderately suitable and 17.88 sq. km. unsuitable comprising 6.45%, 
29.07%, 23.84% and 340.67% of the total study area respectively (Table 7.10). 
For Nilgai a total 0.17 sq. km. was found to be highly suitable, 16.61 sq. km as suitable, 
10.92 sq. km. as moderately suitable and 16.30 sq. km. unsuitable comprising 0.39%), 
37.75%, 24.82% and 37.05% of the total study area respectively (Table 7.9). 
Niche overlap analysis and seasonal field based data was used to cross-tabulate the 
absolute habitat occupancy by the animals. The habitat suitability information was noted 
Chapter 7 Geo-Spatial Techniques For Documenting Diversity Patterns 175 
to be 89.73%, 74.21%, 78.63% and 96.43% accurate for sambar, nilgai, chital and goral 
respectively. 
Different landuse/landcover categories of the PRWA and PWA were classified on the 
basis of bird density and bird diversity. The categories of bird density and bird diversity 
were merged to generate bird density and bird diversity maps for both the watershed areas 
as shown in figures 7.20 and 7.21 for PRWA and 7.22 and 7.23 for PWA. 
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Table 7.5: DFA Structure Matrix 
Variable 
Distance to Settlement 














































































































Indicates highest correlation in the group 







Figure 7.1: Habitat segregation in four sympatric ungulate species in PRWA 
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Figure 7.4: Classified Landuse/Landcover Map of PRWA Figure 7.5: Classified Forest Density Map of PRWA 
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Figure 7.8: Elevation Map of PRWA Figure 7.9: Drainage Buffer Map of PRWA 
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Figure 7.12: Drainage Map of PWA Figure 7.13: Settlement Map of PWA 
Chapter 7 Geo-Spatial Techniques For Documertting Diversity Patterns 181 
Figure 7.14: Road/Trail Map of PWA Figure 7.15: Habitat Suitability Map of Sambar at PRWA 
^•Highly Sidtabk 
HSuitabk 
^ 1 Ikloderately Suitable 
I lUiMuitabfe 
Figure 7.16: Habitat Suitability Map of Chital at PRWA 
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Figure 7.17: Habitat Suitability Map of Nilgai at PRWA Figure 7.18: Habitat Suitability Map of Goral at PRWA 
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Table 7.6: Area under different suitability classes for Sambar 
S. No Habitat suitability class Area % of Area 
1 Unsuitable 13.96 sq. km '31.73 
2 Moderately suitable 18.38 sq. km 41.77 
3 Suitable 11.45sq. km 26.02 
4 Highly suitable 0.21 sq. km 0.48 
Table 7.7: Area under different suitability classes for Barking Deer 
S. No Habitat suitability class Area % of Area 
"1 Unsuitable 12.32 sq. km 28 
2 Moderately suitable 13.13 sq. km 29.84 
3 Suitable 18.44 sq. km 41.91 
4 Highly suitable O.llsq. km 0.25 
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Figure 7.19: Bird Density Map of PRWA Figure 7.20: Bird diversity Map of PRWA 
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Figure 7.21: Bird density/ha Map of PWA Figure 7.22: Bird Diversity Map of PWA 
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Discussion and Conclusion 
Coexistence of ecologically similar species in sympatry suggests the occurrence of 
differential use of resources. Separation along any dimension potentially might reduce 
inter-specific competition and promote coexistence. Habitat is a complex resource which 
includes food availability, predation risk, and competitor density. Habitat choice and its 
use is therefore the tradeoff between these factors evaluated by the animal (Etheredge et al. 
1989). Habitat suitability analysis can be used to evaluate the co-occurrence of the 
sympatric ungulate species on the ecological niche axis. Co-existence of four sympatric 
ungulate species in Pathri Rao micro-watershed is because of the fine scale ecological 
adjustments between the four sympatric ungulate species. 
The most important and essential feature about the modelling using geo-informatics is the 
property of visualisation and lucidity that makes it very convenient for people to 
understand the phenomenon or the findings. This has been called as biodiversity 
visualisation where integration of diverse data sources on biological diversity and physical 
features are carried out and the outcome can be easily interpreted as we can get a three 
dimensional picture of these findings. This property of the maps generated in a GIS 
environment has been effectively used to educate the common man the values of 
biodiversity and to build opinion for its conservation (Prasad et al. 1996). Using geo-
informatics tools makes it possible to produce elegant maps, but these have to be viewed 
with caution as appearances can be deceptive and these are only as good as the data on 
which they are based. In any modelling approaches there will always be uncertainties in 
the GIS output due to errors and uncertainties in data inputs. These errors and uncertainties 
can be overcome by involving the local people of that area in visualization and 
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identification process. This phenomenon is called 4 - D Participation and is effective for 
conservation implications. 
Habitat suitability analysis is considered important for management planning and 
conservation of protected areas. Habitat models used in land planning are based on the 
relationship between the animal and environment and between habitat suitability to 
capability and some measure of the animal. Such models are usually consistent with the 
data needs for planning, they are simple and can be applied in timely manner with 
minimum cost and of course, the outputs are easily understood. 
Successful conservation of wildlife species is the most important objectives in any wildlife 
management strategy. To achieve this, proper understanding of habitat is vital. The present 
study is the beginning to evaluate the importance of watersheds for the conservation of the 
wildlife of the area. Watersheds not only play crucial role in water security at the local 
level but also help to conserve the representative fauna and flora of the area. There is still 
a lot of pressure on the forests and in turn on the species supported by the forest. This is 
because of over-exploitation of the forest resources and other activities like grazing and 
extraction of minor forest products etc. The temporal segregation by the sympatric species 
in Pathri Rao watershed is crucial for their long term survival, but if the human 
interferences continued in this area, the more specialized species will be wiped out in the 
face of competition. 
As obvious from the results that only 25.74% of total study area was found to be highly 
suitable to suitable for Sambar, 37.94% for nilgai, 18.80% for chital and 37.07% for Goral 
which suggests that, Pathri Rao watershed area is more suitable for nilgai followed by 
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goral, sambar, and Chital respectively. More suitable area for nilgai is an indication of 
degraded habitat utilized by the nilgai and for goral in the indication of presence for steep 
cliffs in the area preferred by the goral. The species shows clear temporal segregation to 
exploit the niches as indicated by habitat suitability maps. The fact is that more than 27% -
42% area is unsuitable for the ungulate species, which is an indication of prevailing 
pressures on the watershed. 
The sensitivity of the model used in present case was tested through pallet group study 
results. It was noticed that high suitability rated forests also have high density of pallet 
groups. This implies that the model was sensitive enough to our requirements of ungulate 
species. The pallet group study thus was found very useful firstly for the evaluation of the 
habitat use of ungulate species and secondly for validation of the model outputs. As is 
evident from the study, advanced statistical techniques in combination with geographic 
information system (GJS) can play very important role in wildlife habitat suitability 
analysis which will govern wildlife conservation and management planning. 
The bird density and diversity maps generated for both the watershed areas important for 
developing the management plains for the sustainable development of both the watershed 
areas. 
Conservation implications 
Relation between species distribution patterns remotely sensed and GIS data can be used 
to predict the distribution of species over large areas (Debinski et al 1997). Decreasing size 
of habitats and increasing fragmentation has made it essential to develop species-specific 
habitat suitability maps that can be used to measure the different categories of habitat 
Chapter 7 Geo-Spatial Techniques For Documenting Diversity Patterns 189 
available in an area and most significantly for predicting the presence of a species in other 
areas. Such an approach for endangered species is considered to be a priority task for any 
conservation programme (Roy et al. 1995). The deer species, which forms connecting link 
in the food chain and plays important role in vegetation dynamics are potential indicator of 
habitat quality. The results of prediction modelling of this species can help in identifying 
unexplored and unidentified locations in its distribution range. Modelling in conjunction 
with mapping and visualisation can help to focus future surveys in well-defined 
geographic locations making such surveys cost effective. These surveyed based on habitat 
suitability mapping can help managers in formulating better conservation strategies for the 
species under concern. Thus we can state that the geo-informatics tools are effective and 
essential in contemporary times for the in-situ conservation of the species under threat. 
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Lesser Spotted Eagle 









Red Wattled Lapwing 
Columbidae 
Snow Pigeon 
Oriental Turtle IDove 
Spotted Dove 








































































Blue throated Barbet 
Picidae 
Himalayan Woodpecker 
Grey Capped Pigmy Woodpecker 
Brown Fronted Woodpecker 
Lesser Yellownape 































































































Rusty-Cheeked Scimiter Babbler 
White-Browed Scimitar Babbler 
Jungle Babbler 


















Oriental Magpie Robin 
Indian Robin 
Black Redstart 





Chestut-bellied Rock Thrush 
Blue Whistling Thrush 


















































































































































Oriental Turtle Dove 
Laughing Dove 
Spotted Dove 



































































White Throated Kingfisher 
Meropidae 
Green Bee-Eater 
Chesnut headed Bee-Eater 
Bucerotidae 









Grey Capped Pigmy Woodpecker 
Rufous Belied Woodpecker 
Scaly-Bellied Woodpecker 







































































Large Billed Crow 
Campephagidae 
Long Tailed Minivet 
Small Minivet 








Yellow Eyed Babbler 
Common Babbler 













Oriental Magpie Robin 
Indian Robin 
Black Redstart 

























































White -Tailed Stonechat 
Brown Rock Chat 
Streaked LaughingThrush 
Blue Whistling Thrush 
Paridae 
Great Tit 





























































































Lower Risk / 111 
Lower Risk / 111 
Lower Risk /1 
Vulnerable /1 
Lower Risk /11 
Lower Risk / IV 
Lower Risk / HI 
Lower Risk / 111 
Lower Risk / 111 




Appendix IV: Checklist of mammals recorded in Pathri Rao Watershed Area 
S. No Common name 
1 Rhesus Macaque 
2 Hanuman Langur 
3 Sambar 
4 Indian Muntjac 
5 Spotted Deer 
6 Nilgai 
7 Goral 
8 Wild Pig 
9 Asian Elephant 
10 Jackal 
11 Tiger 
12 Common Leopard 
13 Small Indian Civet 
14 Indian Hare 
15 Indian porcupine 





















Lower Risk/ 111 
Lower Risk/ 111 
Lower Risk/ 111 
Lower Risk/ 111 
Lower Risk/ HI 




Lower Risk /1 
Lower Risk/11 
Unknown 
Lower Risk / IV 
Unknown 
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Common Garden Lizard 
Forest Calote 
























































Indian Cricket Frog 
Common Indian Toad 

















Common Indian Toad 
Himalayan Toad 
Ornate Microhylid 
Himalayan Torrent Frog 
Scittering Frog 
Indian Bull Frog 
Jerdon's Bull Frog 
Himalayan Bull Frog 
Scientific name 
Bufo melanostictus Schneider 
Bufo himalayanus Gunther 
Microphyla ornate 
Amolops marmoratus (Blyth) 
Euphlyctis cyanophlyctis (Schneider) 
Rana tigerinus Daudin 
Rana crassa Jerdon 
Rana leibigii (Gunther) 
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